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President  Roosevelt  has  now 
submitted  to  Congress  the  long 
iwaited  report  of  the  National 
Patent  Planning  Commission.  The 
Sndings  of  the  Commission,  which 
idil  be  the  basis  of  legislation,  are 
generally  regarded  as  a  guarantee 
igainst  hasty  and  piecemeal  tinker¬ 
ing  with  the  basic  patent  system  of 
the  country. 

The  report  strongly  attested  to 
fehe  overall  soundness  of  the  patent 
tructure.  The  exchange  of  scien¬ 
tific  information  gathered  by  indus- 
Itrial  laboratories  was  made  pos- 
ible  only  because  of  the  protection 
fforded  under  the  patent  system, 
he  Commission  pointedly  observed. 
Conceding  that  patents  had  in 
ome  instances  been  abused,  the  re- 
rt  advanced  several  major  recom- 
ji^ndations,  as  follows :  that  all 
tent  agreements  be  recorded  with 
he  U.  S.  Patent  Office  in  order  to 
ApOSG  secret  or  improper  agree- 
ents;  that  patent  owners  suing 
^or  infringement  be  limited  to  rea- 
onable  compensation  without  pro- 
biting  use  of  an  invention  when 
ts  manufacture  is  necessary  for  the 
ublic  good;  that  Congress  set  up 
j-st  standards  to  determine  the 
tt-in ability  of  inventions;  that  a 
ingle  court  of  patent  appeals  be 
stahlishpd;  that  the  patent  term 
hould  not  exceed  20  years  after 
he  application  is  hied. 

FCC — Against  a  background  of 
ending  and  personal  bickering, 
special  House  Committee  headed 
y  E.  E.  Cox  (D-Ga.)  has  now 
aunched  its  investigation  of  the 
B^ederal  Communications  Commis- 
ion  The  opening  session  was  chock 
ull  of  explosives,  with  counsel  for 
he  committee  setting  the  stage 
ith  perhaps  the  longest  list  of  al- 
egeii  sins  of  commission  and  omis- 
lion  ever  leveled  at  any  agency  of 
he  Federal  Government. 

The  charges  ran  all  the  way  from 
hat  of  the  exercise  of  an  all  but 
tbsolute  dictatorship  over  radio 
iommunications  by  the  Commission 


and  particularly  its  chairman, 
James  L.  Fly,  to  that  of  endanger¬ 
ing  national  security  and  the  war 
effort  through  the  Commission’s 
carrying  on  of  radio  intelligence 
work  that  should  be  left  exclusively 
to  the  armed  services. 

To  the  list  of  charges,  FCC  Chair¬ 
man  Fly  countered  immediately 
with  a  declaration  that,  given  a  fair 
opportunity,  he  would  disprove 
them.  He  claimed  that  the  investi¬ 
gation  was  a  combined  attempt  by 
“Cox,  the  radio  monopoly  and  the 
military”  to  wreck  the  commission 
and  “set  up  monopolistic  control  by 
commercial  interests  of  the  Nation’s 
most  significant  mechanism  of  free 
speech.” 

WPB — The  War  Production 
Board  has  been  concerned  during 
the  past  month  with  ways  and  means 
to  alleviate  two  embarassing  short¬ 
ages  in  the  electronic  field — mica 
for  capacitor  manufacture  and  ra¬ 
dio  tubes  for  civilian  use. 

To  alleviate  the  present  shortage 
of  high  grade  mica,  the  Board  plans 
to  import  more  mica  and  to  encour¬ 
age  increased  production  in  this 
country.  The  writer  was  told  that 
under  certain  conditions,  miners  of 
domestic  mica  may  receive  aid  from 
Colonial  Mica  Corporation  (the  only 
government  buying  agency)  ir.  the 
form  of  low-rent  machinery  and  a 
training  program  for  employees  se¬ 
lecting  and  grading  mica. 

Domestic  interests  believe  that  a 
much  larger  percentage  of  their 
mica  could  legitimately  pass  as 
top  grade  if  a  mica  testing  ma¬ 
chine  developed  by  Bell  Laborator¬ 
ies  was  used  by  Colonial  to  test 
electrical  qualities  of  mica,  in  place 
of  the  eye-appeal  method.  This  was 
brought  out  in  a  heated  two-day 
session  of  hearings  conducted  re¬ 
cently  by  the  Senate  Truman  In¬ 
vestigating  Committee.  At  present 
there  is,  apparently,  only  one  such 
machine  in  existence,  but  several 
are  being  built  for  WPB  to  use  in 
further  experiments. 


WPB  has  two  plans  under  con¬ 
sideration  for  dealing  with  the 
civilian  tube  shortage.  One  would 
set  up  a  definite  number  of  tubes 
to  be  produced  for  civilian  use, 
allocating  individual  types  to  differ¬ 
ent  manufacturers  and  so  permit¬ 
ting  long,  specialized  production 
runs.  The  other,  which  is  more 
likely  to  be  adopted,  would  schedule 
the  whole  production  of  tubes,  both 
civilian  and  military,  without  speci¬ 
fying  any  definite  number  of  tubes 
for  civilian  production.  Under  the 
second  plan,  civilians  would  get  any 
excess  over  military  demands  and 
would  have  the  benefit  of  special 
runs  squeezed  in  whenever  possible. 

INSTRUMENTS— The  standard¬ 
ization  of  electrical  indicating  in¬ 
struments  has  been  encouraged  by 
an  amendment  to  WPB’s  Limitation 
Order  L-203,  which  is  expected  to 
raise  output  10  percent. 

The  amendment  permits  manu¬ 
facturers  to  accept  without  prelim¬ 
inary  approval  purchase  orders  for 
less  than  500  instruments  which 
conform  to  str.ndards  published  by 
the  American  Standards  Associa¬ 
tion,  or  to  specifications  of  the 
Armed  Services.  Automatic  ap¬ 
proval  is  also  given  on  orders  for 
less  than  500  instruments  any  di¬ 
mension  of  which  exceeds  3i  inches 
and  on  orders  for  any  number  of 
polarized-vane  non-jeweled  instru¬ 
ments,  the  most  familiar  of  which  is 
the  ammeter  on  an  automobile  dash 
board. 

Instruments  governed  by  L-203 
are  redefined  to  exclude  portable 
instruments  which  measure  more 
than  one  electrical  quantity.  The 
definition  thereby  differentiates  be¬ 
tween  “meters”  administered  under 
L-203  and  “test  equipment”  covered 
by  General  Scheduling  Order 
M-293. 

WERS — At  the  request  of  OCD, 
the  Federal  Communications  Com¬ 
mission  has  issued  an  order  amend¬ 
ing  its  regulations  so  as  to  permit 
war  emergency  radio  stations  to  go 
into  action  “during  emergencies 
endangering  life,  public  safety,  or 
important  property,  for  essential 
communications  relating  to  civilian 
defense  or  national  security.” 

Previously,  WERS  had  been 
limited  to  operation  during  or  fol¬ 
lowing  air  raids,  impending  air  raids, 
or  other  enemy  military  operations 
or  acts  of  sabotage. 
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Mallory 


APPROVED 

PRECISION  PRODUCTS 


Mallory  Distributors 
Can  Save  You  Time 
When  Time  is  Important 


Lack  of  a  few  parts  can  wreck  almost  any  production  schedule,  lint 
when  the  needed  parts  are  Mallory  electronic  products,  the  Mallory 
distributor  is  the  man  to  turn  to  for  help. 

For  example — one  manufacturer  discovered,  just  the  day  before 
scheduled  use,  that  a  number  of  selector  switches  required  for 
the  launching  apparatus  of  a  new  aircraft  carrier  were  missing. 
Something  had  gone  wrong  somewhere.  But  a  wire  to  a  Mallory 
distributor  found  him  with  the  exact  circuit  arrangement  in  stock. 
The  switches  went  out  via  air  express  and  the  carrier  was 
launched  on  time. 

Example  Number  Two — Navy  Code  Schools  in  two  universities 
urgently  needed  a  number  of  electronic  products,  among  them 
Mallory  switches  and  jacks,  in  order  to  inaugurate  training  of  code 
operators  on  schedule.  Something  inexplicable  had  gone  wrong  and 
the  parts  were  missing.  Again,  a  Mallory  distributor  stepped  into 
the  breach  to  save  the  day  in  jig  time. 

Nothing  very  dramatic  about  this,  it  is  true.  But  it  demonstrates 
how  Mallory  distributors  are  geared  to  save  time  in  furnishing 
essential  electronic  parts  for  essential  uses  .  .  .  especially  where 
small  orders  are  concerned. 

Where  essential  electronic  parts  are  required — for  maintenance, 
laboratory  and  testing  devices,  pre-production  models — in  short, 
where  small  quantities  are  involved,  the  Mallory  distributor  stands 
by  to  help.  We  are  doing  our  level  best  to  keep  his  stocks  adequate. 
Proper  ratings  are  needed  ?  Certainly  ! 

But  make  his  acquaintance.  He  can  be  of  service  in  many  ways.  K 
you  do  not  know  the  name  of  the  Mallory  distributor  nearest  you. 
we  will  be  glad  to  tell  you. 


Quick,  complete  infomui- 
tion  and  prices  for  your 
purchasing  department. 


Application  data  for  your 
engineering  and  design 
departments. 


A  copy  of  the  Mallory  cat¬ 
alog  for  ready  reference. 


INDIANAPOLIS,  INDIANA*  Cable  Address -PELMALLO 
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Post-War 

CIVILIAN  AVIATION 


The  end  of  the  war  will  bring 
new  opportunities  for  the  radio 
industry  and  for  trained  radio  per¬ 
sonnel.  One  of  the  best  will  involve 
the  design,  production,  distribution 
and  maintenance  of  new  equipment 
for  non-commercial  civilian  planes 
and  the  airports  serving  them.  Radio 
men  with  an  eye  to  the  future  would 
do  w’ell  to  keep  this  in  mind. 

Communications,  navigation,  and 
traffic-control  at  airports  will  be  ma¬ 
jor  post-war  problems.  The  Army 
and  Navy  have  made  tremendous 
strides  in  the  development  and  ap¬ 
plication  of  electronic  gear  for  such 
purposes  but  their  equipment  will 
not,  considered  generally,  fit  civilian 
needs.  One  exception  may  be  low-fre¬ 
quency  range  transmitters.  These 
were  commonly  used  by  commercial 
airlines  before  the  war  and  will  prob¬ 
ably  continue  to  serve  aircraft  of  all 
kinds  for  some  time  after  it. 

Let  us  not  lose  sight  of  the  fact 
that  military  equipment  is  designed 

86 


for  the  highly  specialized  business  of 
war.  Private  Doe  doesn’t  hop  into  a 
B-25  or  a  P-38  and  fly  a  hundred 
miles  to  see  his  girl.  Yet  civilian  Doe 
may  want  to  do  just  that.  Neither  a 
bomber  nor  a  fighter  can  readily  be 
rendered  suitable  for  such  service. 

Military  Gear  Uiisaitabla 

Harry  Diamond,  physicist  for  the 
National  Bureau  of  Standards,  points 
out  that  military  aviation  radio  gear, 
similarly,  is  not  particularly  suitable 
for  commercial  airline  use,  much  less 
civilian  flying.^  He  states  that  it  is 
intended  for  service  over  large  geo¬ 
graphical  areas  of  widely  varying 
topography,  instead  of  along  fixed 
routes  involving  relatively  uniform 
terrain.  Flexibility,  simplicity  and 
ruggedness  required  to  meet  the  pe¬ 
culiar  needs  of  global  warfare  are 
not  precisely  the  same  kind  that  is 
needed  for  civilian  service. 

Even  if  military  aviation  radio 
equipment  could  be  easily  modified  to 


meet  civilian  needs  it  would  pi  :- 
ably  cost  too  much  for  this  market 
A  civilian  who  buys  a  plane  for  $1500 
will  not  care  to  spend  a  like  amount 
for  radio  equipment.  Yet  in  the  f 
ture  he  will  have  to  have  i  i 
equipment  in  order  to  fly  with  ma\! 
mum  safety  and  to  meet  govenin: 
requirements.  This  will  inevitably 
stimulate  the  design  of  gear  specif 
ically  suited  to  civilian  use. 

Oppertanity  for  Maaafoetireri 

The  large  companies  at  pit>. 
making  military  aviation  radio  a; 
paratus  will  not  necessarily  be  in 
better  position  to  supply  such  v* 
than  smaller  firms.  While  the  markt 
will  eventually  prove  very  extensi 
indeed  it  cannot  reach  full  poten  ‘ 
overnight.  Thus  it  may  be  dii’ 
for  big  companies  to  tap  it  initi . 
because  of  their  initial  need  f 
mass-production  items. 

During  the  anticipated  transiti 
period  it  is  believed  that  small  man 
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RADIO  Prospects 


>4/7/  ftef.  and ^ina!  stages 


A  rapid  increase  in  the  number  of  small 
airports  is  anticipated,  with  attendant 
demand  for  communications,  naviga¬ 
tion  and  traffic-control  gear.  Military 
equipment  is  not  readily  convertible. 
The  opportunity  for  small  manufac¬ 
turers  is  particularly  evident 
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facturers  will  be  able  to  operate  fa¬ 
vorably.  The  author  has  spent  con¬ 
siderable  time  studying  problems 
which  are  likely  to  arise  during  this 
period  and  finds  the  prospects  inter¬ 
esting  indeed.  Several  wide-awake 
automobile  dealers  of  his  acquaint¬ 
ance,  for  example,  have  ear-marked 
aircraft  and  aircraft  accessories  for 
inclusion  in  their  post-war  plans. 
They  intend  to  open  showrooms  at 
existing  airports  or  to  build  small 


airports  of  their  own,  handling  both 
planes  and  cars.  Used  cars  may  even 
be  taken  in  trade  on  new  plane  sales. 

A  few  months  ago  one  of  these 
dealers  had  already  purchased  land 
and  was  beginning  to  build  his  show¬ 
rooms  and  level  off  his  runways. 

Stotiis  Btfor*  the  War 

Let  us  quickly  review’  the  status 
of  civilian  aircraft  radio  equipment 
immediately  before  the  war. 


1 

TENTATIVE  CAA-FCC  ALLOCATION  PLANS 

^  Band 

Frequency  (Me) 

Service 

1(1) 

33.4—  39.0 

Aviation  Instruction 

60.1—  65.8 

Radio  Teletype  (Weather) 

■  (3) 

75.0  Fan 

Marker  Beacons,  Field-Approach  Markers 

|(4) 

93.3—110.3 

Landing  Beams,  Rimwoy  Localizers 

■  (5) 

123.0 — 127.0  Radiophone  Weather  Transmissions,  Range 

Transmitters 

B(6) 

129.3—131.48 

Airport  Traffic  Control 

fl 

140.1 

National  Calling,  Itinerant  Aircraft 

|l_ 

140.24—143.88 

Plone-to-Plone,  Plone-to-Ground 

The  larger  airports  were  fairly 
well  equipped  but  the  smaller  air¬ 
ports  frequently  had  no  apparatus 
other  than  one  communications  re¬ 
ceiver  for  weather  reports.  Even 
where  additional  gear  was  available 
it  was  not  universally  satisfactory. 

In  the  control  towers  of  typical 
large  airports  low  frequencies  were 
used  for  navigation  transmissions, 
particularly  for  the  A-N  ranges.  In 
the  years  1939  and  1940  the  trend 
tow’ard  high  and  very-high-fre- 
quencies  started  to  make  an  appre¬ 
ciable  dent  in  other  airport  services.* 
After  research  by  the  large  airlines, 
v-h-f  amplitude-modulated  equip¬ 
ment  designed  to  operate  on  about 
140  Me  was  ordered  for  delivery  in 
1941  and  1942.  (Frequency-modula¬ 
tion  equipment  and  quantitative  data 
concerning  its  efficacy  in  aviation 
service  was  not  yet  readily  avail¬ 
able.) 

Different  airlines  usually  used  dif¬ 
ferent  calling  frequencies.  Civilian 
planes  used  other  frequencies  for 
communications.  Distress  calls  were 
made  on  two  separate  channels.  The 
airlines  had  stations  about  every  200 
miles,  while  the  CAA  maintained  its 
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as  well  as  those  of  CAA.  The  air- 
lines  and  the  CAA  furnish  weather 
reports  and  other  information  of 
value  to  the  civilian  pilot.  Aside  from 
this,  the  ability  to  contact  all  other 
planes  and  any  kind  of  ground  sta¬ 
tion  is  a  safety-factor  not  to  be  con¬ 
sidered  lightly  when  designing  gear 
intended  to  meet  demands  of  the 
future. 

It  is  reasonable  to  assume  that  air¬ 
ports  primarily  serving  civilian  fly. 
ers  will  some  day  be  from  40  to 
70  miles  apart.  Thus  a  potentially 
large  humber  of  airports  is  involved. 
The  bands  allotted  for  air  com¬ 
munications  have  already  become 
over-crowded.  The  high,  very  high 
and  ultrahigh-frequencies,  therefore, 
seem  logical  places  for  civilian  avia¬ 
tion  service. 

The  first  group  of  frequencies  to 
be  more  extensively  utilized  for  avia¬ 
tion  service  will  be  between  75  and 
own  weather-reporting  stations  and  quency  system  of  communications  150  Me,  in  the  high  and  very-high- 
stations  for  the  handling  of  air-  was  adopted.  Where  airports  and  frequency  bands.  It  seems  probable 
traffic  and  distress  calls.  planes  originally  transmitted  and  that  750  Me  may  be  the  maximum 

One  can  readily  see  that  many  dif-  listened  on  the  same  frequency  dur-  frequency  used  for  conventional  pur- 
ferent  channels  were,  of  necessity,  ing  a  given  contact,  separate  fre-  poses  for  several  years.  Still  higher 
monitored  by  the  larger  airports,  quencies  were  soon  employed  for  frequencies,  in  the  ultrahigh  and 
Transmitters,  tuned  or  tunable  to  a  transmission  and  reception,  bringing  possibly  in  the  super-high,  brackets 
large  number  of  frequencies,  had  to  about  less  frequent  need  for  chang- 
be  ready  for  operation  as  long  as  ing  airport  transmitter  frequencies, 
such  airports  were  in  service.  Receiving  equipment  was  simul- 
usually  24  hours  a  day.  A  large  num-  taneously  designed  so  that  two  or 
ber  of  fixed-frequency  receivers  as  more  frequencies  could  be  monitored 
well  as  additional  tunable  receivers,  by  one  airport  operator.  Separate 
involving  extensive  switching  and  crystal-controlled  superheterodyne 
complicated  remote-controls,  were  oscillators  were  used  for  each  fre- 
also  necessary.  quency  to  be  monitored.  Separate  r-f 

stages  and  first-detectors  were,  sim- 
RacMt  EqaipmMt  Treads  ilarly,  used  for  each  frequency.  First- 

The  operators  on  each  channel  used  detector  outputs  were  fed,  in  parallel, 
their  transmitters  only  intermit-  to  a  common  i-f  amplifier.  The  i-f 
tently  but  the  receivers  had  to  be  amplifier  was  used  to  drive  a  common 
running  constantly.  It  is  interesting  second-detector,  noise-limiter  and /'or 
to  bring  our  information  up  to  date  a-v-c  system  and  audio  amplifier, 
on  this  point. 

Originally,  the  airlines  had  need  Small  Airport  Noods 

for  just  a  few  channels.  A  few  fixed-  To  make  civilian  flying  safe  for 
frequency  transmitters  and  receiv-  the  anticipated  large  number  of  small 
ers  met  requirements.  As  business  planes  after  the  war,  many  small 
warranted  it,  additional  channels  municipal  and  private  airports  will 
were  added.  have  to  be  in  operation. 

.  Now,  it  is  obvious  that  transmit-  Obviously,  airlines  will  continue 
ters  used  only  intermittently  may  to  have  their  own  scheduled  routes 
employ  band-switching  to  cover  many  and  airports,  so  that  the  smaller  air- 
frequencies.  But  in  the  past  few  ports  will  not  have  to  serve  the 
years  the  number  of  channels  added  larger  planes,  except  in  emergencies, 
has  reached  such  proportions  that  at  least  until  such  a  time  as  the  air- 
for  efficiency  it  has  been  necessary  lines  begin  to  run  a  lot  of  “whistle- 
to  employ  a  multiplicity  of  band-  stop”  locals.  Any  civilian  aviation 
switching  transmitters.  In  order  to  radio  equipment  design  should,  how’- 
keep  the  required  number  of  trans-  ever,  undoubtedly  take  into  consider- 
mitters  within  bounds  a  group-fre-  ation  the  future  plans  of  the  airlines 
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At  di*  l*it,  typical  rocaiving  setup  used  by  airlines  lor  simultaneously  monitoring  sev¬ 
eral  channels.  Similor  systenu  ore  recommended  ior  civilian  airport  use.  At  the  right, 
transmission-line  network  scheme  suggested  ior  use  where  only  one  efficient  v-h-f 

antenna  is  ovcdloble 


Siain.  sfeoh 


Met.  shield 


Tuning  , 
cap.  'Coax,  cable 


Ant.  grounded 
to  fuselages 


Use  of  v-h-f  geor  simplifies  installation  oi 
antennas  on  small  planes.  The  top  draw¬ 
ing  shows  a  method  of  shunt-feeding  Q 
typical  antenna  and  the  bottom  drawing 
illustrates  a  series-fed  system 
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uir-|jcial  applications  in  the  more  remote 

her  y  future. 

Within  the  first-mentioned  range, 
equipment  which  will  be  available 
soon  after  the  war  will  serve  small 
i  airports,  particularly,  very  well  in¬ 
deed.  At  an  altitude  of  1200  ft  or 
more  a  300-watt  v-h-f  ground  station 
y  appears  to  put  out  a  very  strong  sig- 
^nal  up  to  100  miles  and  distances  con- 
4d£rab!y  beyond  may  be  covered  with 
reasonable  reliability. 

Probable  Now  FreqooRcios 

Marker  beacons  operating  on  75 
Me  were  installed  in  1938  by  the 
CAA.  In  1941,  Chicago  and  New 
I  York  airports  placed  v-h-f  range 


Rang*  transmitton  oporatinq  on  tho  Tory* 
hiqh-iroquoncioi  may  employ  extremely 
simple  antenna  orray*.  This  one  delieers 
horizontolly  polarised  wares 


;  'iituMnitters  in  continuous  service. 

I  This  equipment  has  worked  out  very 
I  V  1*11  and  its  success  marks  the  turn 
I  i  f  a  new  aviation  radio  era.  So  it  is 
{  V  t-li  that  we  look  into  the  future  and 
^  evamine  tentative  plans  regarding 
iTettuencies. 

A  chart  included  in  these  pages 
j  f  itlii  es  what  the  author  believes  to 
i  be  a  pood  composite  picture  of  CAA 
I  i-nd  FCC  proposals,  complete  inso¬ 
far  as  it  is  possible  for  tentative 
i :  ■  ans  to  be  so  under  present  cir- 
ji  t  'r  tances,  if  not  in  every  detail. 
The  first  group  of  frequencies 
tion  of  i  chart,  from  33.4  to  39.0 

draw  II  is  proposed  for  aviation  instruc- 
linq  a  r  tion.  with  four  separate  channels 
rawing  |  ivailable. 

The  second  group,  involving  the 
V  i  -high-frequencies  between  60.1 


and  65.8  Me,  may  be  used  for  radio 
teletype  dissemination  of  weather 
data  and  comparable  information, 
probably  to  be  transmitted  by  CAA 
stations. 

The  third  allocation,  already  in 
use,  will  undoubtedly  continue  to  be 
employed  for  fan  marker  beacon 
transmissions.  (This  channel  has 
also  been  used  for  some  time  for  field- 
approach  markers,  used  in  conjunc¬ 
tion  with  the  altimeters  of  planes  to 
constitute  a  blind-landing  system, 
and  will  no  doubt  continue  to  accom¬ 
modate  such  systems  also  until  all¬ 
radio  systems  are  substituted.) 

The  fourth  band,  having  spot  fre¬ 
quencies  on  93.3,  93.9,  94.3,  109.5  and 
110.3  Me,  is  tentatively  proposed  for 
instrument  landing  service,  the  first 
three  frequencies  to  be  utilized  for 
landing  beams  and  the  last  three  for 
runway  localizers. 

The  fifth  band  is  apparently  to  be 
taken  up  eventually  by  radiophone 
weather  broadcast  transmitters 
shifted  from  lower  frequencies  and 
operating  between  123  and  126  Me, 
with  31  exclusive  frequencies,  and 
by  similarly  shifted  range  trans¬ 
mitters  operating  between  126  and 
127  Me,  using  10  shared  frequencies. 

The  sixth  group,  proposed  for  air¬ 
port  traffic-control  service,  will  in¬ 
volve  spot  frequencies  on  129.3, 
129.78,  130.3,  130.86,  131.42  and 
131.48  Me. 

The  seventh  allocation,  on  140.1 
Me,  is  evidently  to  be  used  for  na¬ 
tional  calling  and  itinerant  aircraft 
service. 

The  eighth  group,  between  140.24 
and  143.88  Me,  with  28  spot  fre¬ 
quencies  available,  seems  destined  to 
be  given  over  to  plane-to-plane  and 
plane-to-ground  two-way  communi¬ 
cations. 


IISICS 


Design  and  Prodnetion  Suggestions 

Aircraft  communications  equip¬ 
ment  has  always  presented  peculiar 
design  difficulties  and  the  use  of 
higher  frequencies  introduces  addi¬ 
tional  problems  of  no  small  magni¬ 
tude.  The  design  of  h-f  and  v-h-f 
gear  for  civilian  aviation  service  re¬ 
quires  a  particularly  high  order  of 
ingenuity  for  here  it  is  not  only 
necessary  to  conform  with  CAA  and 
FCC  requirements  but  this  must  be 
done  without  running  the  price  of 
the  equipment  beyond  the  relatively 
limited  capacity  of  the  customer  to 
pay. 

The  subject  of  design  is  so  ex- 


Block  <tiagTam  oi  plane  recelTer  suitable 
for  both  communications  and  nariqation, 
embodying  o  modified  discriminotor  circuit 
derised  by  the  author 


tremely  broad  that  only  a  few  per¬ 
tinent  points  can  be  mentioned  here. 
For  example,  one  method  of  obtain¬ 
ing  production  economy  may  be  to 
manufacture  one  piece  of  equipment 
that  is  flexible  enough  to  fulfill  many 
functions  when  used  with  suitable 
accessories.  Additional  savings  could 
possibly  be  effected  by  reducing  the 
required  number  of  cables,  remote- 
drives,  relays  and  coaxial  lines,  for 
which  there  will  be  a  considerable 
demand  anyway  because  of  the  ex¬ 
pansion  of  the  overall  market.  In 
this  connection  the  author  believes 
that  automobile  radio  manufacturers 
have  already  shown  aircraft  equip¬ 
ment  designers  the  way. 

Another  thought  that  comes  to 
mind  is  that  it  niay  be  possible  to 
economically  meet  demands  for  light 
weight  plus  ruggedness  by  the  in¬ 
creased  use  of  aluminum,  which 
should  be  available  in  many  new 
varieties  as  a  result  of  wartime  ex¬ 
periment  and  may  even  now  be  satis¬ 
factorily  welded. 

PoMibllitiat  for  Expaatioa 

In  a  survey  made  by  one  of  the 
large  airlines  it  was  recently  ob¬ 
served  that  60  percent  of  its  radio 
operators’  time  was  spent  directing 
airport  landings  and  controlling  air¬ 
port  traffic.  Thus  it  might  seem  that 
all  a  small  civilian  airport  really 
needs  is  one  h-f  or  v-h-f  transmitter 
for  communications,  a  transmitter 
turning  out  a  homing  signal  and  a 
receiver  tunable  over  a  wide  band  of 
frequencies.  This  sort  of  a  setup 
might,  indeed,  “get  by”  for  a  short 
time  after  the  war  ends  but  it  will 
certainly  prove  quite  inadequate 
when  civilians  really  begin  to  fly. 

For  one  thing,  homing  signals 
{Continued  on  page  276) 
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An  ELECTRONIC  “SEWING 


Thermoplastic  sheets  of  the  type  used  to  make  raincoats,  tobacco-pouches,  food  packages 
and  inflatahle  articles  are  bonded  by  means  of  radio-frequency  heating.  Rotating  electr()(l?“« 
and  h-f  currents  are  substituted  for  needle  and  thread  to  make  firm,  moisture-proof  se  iiuv 


Resembling  a  conventional 
seviring  machine  in  appearance, 
a  recently-developed  electronic  “sew¬ 
ing  machine”  replaces  customary 
needle  and  thread  with  a  pair  of  ro¬ 
tating  electrodes  and  a  high-fre¬ 
quency  current.  Designed  to  make 
firm  seams  in  new  thermoplastic 
sheet  materials  that  have  emerged 
from  the  laboratories  of  the  plastics 
industry,  it  employs  to  advantage  a 
phenomenon  that  has  long  been  the 
annoyance  of  radio  engineers.  Here 
the  heating  of  dielectrics  by  a  strong 
high-frequency  field  finds  useful  in¬ 
dustrial  application  in  the  controlled 
softening  of  thermoplastics. 

There  are  a  number  of  synthetic- 
resins  which  become  soft  as  tem¬ 
perature  is  elevated  and  may  thus  be 
classed  as  thermoplastics.  Among 
them  are  the  t}rpical  materials  listed 
in  Fig.  1.  These,  and  similar  syn¬ 


thetic  resins  are  readily  extruded, 
pressed  or  rolled  into  sheet  form  and 
possess  valuable  properties  such  as 
chemical  inertness ;  imperviousness 
to  water,  moisture,  or  gas;  light 
weight;  high  strength,  and  trans¬ 
parency. 

CoMvcNfioiial  Fabricating  Methods 

Three  distinct  methods  are  com¬ 
monly  employed  at  present  for  fab¬ 
ricating  articles  from  thermoplastic 
sheeting.  The  most  widely  used  is 
ordinary  sewing,  which  is  rapid  but 
tends  to  weaken  the  material  at  the 
seams  due  to  the  perforations  of  the 
needle  and  requires  the  use  of  cement 
before  as  well  as  after  if  the  seams 
are  to  be  completely  moisture-proof. 
Threadless  bonds  are  sometimes 
made  by  the  use  of  a  solvent  and 
pressure.  Or  bonds  may  be  made  by 
the  application  of  heated  rollers  or 


plates.  The  two  latter  methods  are 
frequently  combined  to  produce 
moisture-proof  seams  but  where  so! 
vents  and/or  externally  applied  hoa; 
is  used  there  is  generally  some  weak¬ 
ening  due  to  the  action  of  the  solves; 
or  some  distortion  due  to  the  method 
of  applying  the  heat. 

The  use  of  hot  rollers  or  platens 
as  a  source  of  heat  for  bonding  ther 
moplastic  layers  encounters  some 
definite  limitations.  When  the  hot 
plates  A  and  B  in  Fig.  2  are  placed 
on  the  outside  surfaces  of  sheets  (o) 
and  (6),  which  are  to  be  bonded 
along  the  surface  (e),  the  platei 
must  be  maintained  at  a  sufficiently 
high  temperature  P  so  that  the  in- 
terfacial  temperature  will  be  higii 
enough  above  room  temperature  I 
to  make  the  material  plastic  in  tht 
region  to  be  bonded.  The  tempers 
ture  distribution  across  the  materis 


. . .  .  <  iiiiii.iiiiii!iiii!:iuuintnHiuiiiiuuuiniiiiiianitiinnmiiumiiinii»imiiiiiiiH<iiiiiii:>.!i.  r-Hu: 


MATERIAL 

Pliofilm 

Vinylitr 

Koroseal 

Sanm 

MANIIFACTURER 

Goodyear  Tire  & 
Rubber  Co. 

Carbide  &  Carbon 
Chemicals  Co. 

B.  F.  Goodrich 

Co. 

Dow  Chemical 
Co. 

CHEMICAL  FAMILY 

Rubber  Hydro- 
rhloride 

Vinyl  Resin 

Plasticized 

Polyvinyl 

Chloride 

Vinylidene 

Chloride 

THICKNESS 

0  001  in.  to 

0  0018  in. 

0.004.>  in. 

0.001  in.  to 

0.0018  in. 

0.0015  in.  to 
0.005  in. 

BOND  OBTAINED  BY  R-F  HEATING 

Excellent  * 

Excellent  * 

Excellent  t 

ExceUent  t 

R-F  BREAKDOWN  RESISTANCE 

Excellent 

Excellent 

Fair,  Improving 
With  Thickne8.s 

Fair,  Improving 
With  Thickness 

SPEED  OF  SEALING 

5  ft.  per  min. 

.5  ft.  per  min. 

5  ft.  per  min. 

4  ft.  per  min. 

THERMAL  CONDUCTIVITY 

.“l.O  X  10 

3.9  to  10  X  10-« 

3.9  to  4.0  X  10-« 

2.2>  10 

SPECIFIC  HEAT 

O.-IO  to  0.  13 

0 . 30  to  0 .  .">0 

0..32  to  0..31 

0..32 

DENSITY 

1.64 

1.2  to  1.6 

1.2  to  1.6 

1.68  to  1.75 

SOFTENS 

80  to  110  deg.  C. 

90  to  1.30  deg.  C. 

90  to  110  deg.  C. 

1 10>'l  to  deg.  C. 

*  At  60  Me.  t  la  combiaatioa  with  tape*  »f  ather  aiatariali,  or  at  hi(ker  froqaeaey 

-  .1  • 
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FIG.  1 — Foot  typicol  thermoplastic  sheet  moterials  and  data  pertinent  to  iohrication 
in  the  electronic  sewing  machine,  as  determined  experimentally  by  the  author 
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der  these  conditions  is  shown  by 
I  e  dotted  curve  HP,  which  also  in- 
i  tes  the  relative  plasticity  of  the 
wi  terial  between  its  external  faces. 
It  is  apparent  that  the  hot  plates 
'i!  produce  excessive  softening  of 
h-  outer  surfaces,  with  consequent 
X  rusion  of  the  material  when  pres- 
i  is  applied,  as  indicated  by  Fig. 
.  The  greatly  softened 'surface  is 
»>  kened  along  the  seam  by  extru- 
I  on  and  also  becomes  gummy  and 
I’  cks  to  the  hot  plates,  which  must 


frequently  be  cleaned  during  produc¬ 
tion.  In  addition,  the  low  thermal 
conductivity  of  most  thermoplastic 
materials  limits  the  speed  at  which 
sealing  may  be  done. 

Advanfagts  of  R*F  Hoofing 

When  a  radio-frequency  field  is  ap¬ 
plied  across  the  seam,  heat  is  gen¬ 
erated  uniformly  by  dielectric  loss. 
When  sufficient  power  is  used,  the 
temperature  of  plasticity  may  be  at¬ 
tained  in  a  very  short  time.  Refer- 


Exporimontal  unit  in  uso,  iobricating 
thonnoplostic  tobacco-pouch.  Binding  at¬ 
tachment  permits  simultaneous  decoration 
with  controsting-color  tope 


ring  again  to  Fig.  2,  consider  A  and 
B  as  the  electrodes  betw’een  which 
an  electric  field  is  established,  while 
(a)  and  (6)  represent,  as  before, 
the  thermoplastic  sheets  to  be 
bonded  along  line  (c).  The  good 
heat  conductivity  of  the  metal  elec¬ 
trodes  keeps  the  outer  layers  of  the 
material  comparatively  cool  so  that 
the  temperature  distribution  across 
the  material  is  that  shown  by  the 
curve  RF,  which  also  represents  the 
relative  plasticity  of  the  material  be¬ 
tween  the  plates. 

It  is  apparent  that  the  highest 
temperature  is  in  the  central  region, 
where  thermoplastic  softening  must 
occur  for  the  two  layers  to  be  prop¬ 
erly  fused.  When  the  electrodes  are 
made  to  exert  a  slight  pressure  dur¬ 
ing  the  application  of  the  radio-fre¬ 
quency  field,  the  softened  interfacial 
surfaces  will  bond  as  shown  in  Fig. 
4,  with  negligible  deformation  of 
the  outer  surfaces. 

So  that  the  sealing  process  may  be 
made  continuous,  the  fixed  electrodes 
of  Fig.  2  are  conveniently  replaced 
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FIG.  2 — CuTTM  showing  tomporoture  dis¬ 
tribution  across  thormoplastic  matorial  to 
bo  bonded.  HP  shows  distribution  with 
conTontionol  hot-plate  heating.  fiF  shows 
distribution  with  r-f  heating.  A  and  B  ore 
cross-sectional  eiews  of  portions  of  the 
plates  or  electrodes,  (a)  and  (b)  are  cross- 
sections  of  the  sheets  to  be  bonded  and 
(c)  is  the  contact  surface 


August  —  ELECTROMC.S 


FIG.  3 — Drawing  showing  result  of  typi- 
cal  hot-plate  bond.  Note  extrusion  at  sur¬ 
faces  contacted  by  plates,  caused  by  ex- 
cessiTe  softening  of  the  outer  surfaces  of 
the  material 


c  lectrode 


E /ectrode 


Close-up  of  "business-end"  of  experimental  model,  illustrating  use  of  bar  instead  oi 
driven  roller  electrodes  where,  as  in  the  packaging  of  foodstuffs,  it  may  be  desirable  to 
form  o  whole  seam  or  seol  in  one  shot 


FIG.  4 — Result  of  r-f  bond,  with  electrodes 
operating  under  slight  pressure.  Heat  is 
generated  imiformly  throughout  the  ma¬ 
terial.  The  electrodes  rapidly  conduct  heat 
away  from  the  outer  surfaces  of  the  ma¬ 
terial  so  these  surfaces  remain  cool 


by  rotating  electrodes  between  which 
the  material  to  be  bonded  may  pass 
in  the  manner  in  ‘which  it  passes 
through  a  sewing  machine.  Uniform 
feeding  of  the  material  is  accom¬ 
plished  by  gearing  the  electrodes  to¬ 
gether  in  such  a  way  that  their  pe¬ 
ripheral  speeds  are  the  same.  Unless 
this  is  done  there  is  considerable 
slippage  between  layers  on  long 
seams,  with  consequent  improper 
registry,  or  wrinkling. 

The  radio-frequency  field  may  be 
readily  established  between  the  elec¬ 
trodes  by  coupling  them  to  the  out¬ 
put  of  a  small  oscillator  through  a 
suitable  transmission  line.  An  out¬ 
standing  advantage  of  this  method 
of  electronic  heating  lies  in  its  fiexi- 
bility.  Having  once  determined  suit¬ 
able  operating  parameters  such  as 
speed,  power  and  pressure,  the  con¬ 
trols  can  be  instantly  adjusted  to  re¬ 
produce  any  desired  condition.  There 
is  no  period  of  waiting  for  plates 
to  heat  up  or  cool  off;  no  testing  of 
a  solvent’s  potency ;  no  drying  period 
for  cement. 

Machiae  Desiga  Details 

Construction  of  the  most  recent 
model  of  the  electronic  sewing  ma¬ 
chine,  assembled  as  a  complete  oper¬ 
ating  unit,  may  be  described  as 
follows:  A  framework  supports  the 
rotating  electrodes  and  work  table 
at  convenient  level,  with  the  oscil¬ 
lator  and  its  power  supply  housed 
in  an  integrally  associated  metal  cab¬ 


inet.  Power  and  tuning  controls  are 
mounted  on  the  front  panel  of  the 
metal  cabinet. 

The  radio-frequency  power  is  con¬ 
ducted  from  the  oscillator  to  the  ro¬ 
tating  electrodes  by  a  concentric 
line  of  such  a  length  that  the  elec¬ 
trodes  are  effectively  at  the  end  of  a 
quarter-wave  transmission  line.  Un¬ 
der  this  condition,  maximum  voltage 
is  placed  across  the  material  to  be 
bonded.  The  oscillator  is  tuned  until 
its  operating  frequency  is  such  that 
this  condition  is  realized,  as  indi¬ 
cated  by  maximum  brilliance  of  a 
small  neon  lamp  mounted  near  the 
high-potential  electrode. 

First  experimental  tests  were  con¬ 
ducted  at  a  frequency  of  15  me,  with 
improved  operation  noted  at  45  me. 
The  final  choice  of  60  to  70  me  used 
in  the  -latest  model  was  dictated 
largely  by  convenience  of  power  gen¬ 
eration,  together  with  ease  of  con¬ 
ducting  energy  to  the  electrodes 
through  a  length  of  quarter-wave 
line  that  could  be  conveniently  used. 
The  actual  power  required  to  make 
a  serviceable  bond  is  very  low  so  the 
oscillator  used  provides  ample  out¬ 
put  reserve  for  heating  even  un¬ 
usually  thick  sections  efficiently. 

R-F  Power  Reqyiremeiitt 

Under  one  set  of  operating  condi¬ 
tions  a  se*am  one-eighth  of  an  inch 
wide  was  made  at  the  rate  of  five 
feet  per  minute,  which  was  equiva¬ 
lent  to  heating  every  point  along  the 


id  oi  HrrangemeBt  of  r-i  oscillator,  associotod  controls  and  cooling  blower  (top 
lie  to  fthelf)  ond  power-supply  (bottom  shelf).  A  foot-switch  controls  the  rotating 
Biectrode  driring  motor  ond  oscillator  output.  A  panel-switch  permits  the 
Botor  to  be  stopped  where  it  is  desirable  to  more  the  material  by  hcmd 
■  and  merely  "baste"  it  together  at  spaced  interrols 


s  are 
I  the 


IG.  5 — (Right)  Curres  showing  power  requirements  and  field  strength  as 
functioBs  of  Vinylite  thickness  and  speed  of  bonding 
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am  for  0.126  second.  Using  Viny- 
ite  as  an  illustration,  the  power  re- 
juirements  for  making  a  seal  under 
hese  conditions  may  be  calculated. 
This  material  has  a  softening  point 
90  deg  and  150  deg  C,  a  spe-‘ 
“ific  heat  of  about  0.4  calories  per 
pam  and  a  density  of  approximately 
I  ■)  grams  per  cubic  centimeter.  Neg- 
I  ting  heat  conduction  into  the  elec- 
r  (les,  the  power  required  to  elevate 
ht'  temperature  of  one  cubic  centi- 
n  tir  of  Vinylite  from  20  deg  to  150 
I  k  C  in  a  second  is: 
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P^JpcST  =  326  watts  (1) 
111  Tc  J  is  the  mechanical  equivalent  of  heat, 

I  p  is  the  density  in  grams  per  cubic 
•  centimeter, 

c  is  the  specific  heat  in  calories  per 
'  gram,  and 

is  the  temperature  increment  in  de¬ 
grees  Centigrade. 

For  sealing  two  sheets  each  0.004 
i  1 H  thick,  the  volume  to  be  heated 
is  roughly  equivalent  to  0.002  cubic 
itntimeter  and  the  time  is  0.125 
i'  v  d,  which  makes  the  actual 
Jii  wer  necessary  to  heat  this  small 
t  lume  only  5.2  watts. 

To  account  for  the  heat  conducted 
I'  to  cold  electrodes  G.  H.  Brown  has 
ieveloped  a  theoretical  solution  for 
dielectric  heating  by  radio-frequency 
wer,  based  on  an  analogy  between 
f  e  solution  of  a  transmission  line 
I  V  ith  series  inductance  and  shunt 


Thermoplastic  sheets  folded  and 
bonded  with  a  double  wheel  to 
make  imitation  strop  seam 


O 


FIG.  6 — Special  thermoplastic  sheet  bonds 
which  may  be  made  by  using  binding, 
hemming  and  other  electronic  sewing  ma¬ 
chine  attachments 

leakage  conductance  and  the  solution 
of  the  heat-flow  equation.  (“Heat- 
Conduction  Problems  in  Presses  Used 
for  Gluing  Wood”,  scheduled  for 
early  publication  in  the  l.R.E.  Pro¬ 
ceedings.)  He  shows  the  following 
expression,  which  gives  the  tempera¬ 
ture  at  the  center  of  the  dielectric 
material  being  heated.  Values  used 
in  the  accompanying  example  apply 
to  dielectrics  of  glue  and  wood : 


i-  y  rSi  y  3*ir*a*t\ 


+ 


. ]» 

u,  =  temperature  increment  at  the  center  in 
degrees  C  (150  —  20  =  flO  degrees  C) 
H  =  gram-calories  per  second  per  cubic  cen¬ 
timeter, 

b  =  total  thickness  of  material  between 
plates  (0.02  centimeters), 
k  =  thermal  coniuctivity:  0.(X)04  gm-cal/ 
(sec.)  (sq.  cm.)  (deg.  C  per  cm.), 
i  =  ti  ne  (0.125  seconls). 
c  =  specific  heat  (0.4  calories  per  degree  C 
per  gram), 

p  =  density  (1.5  grams  per  cubic  centimeter), 

Jt 

a*  =  thermal  diffusivity  = —  (0.0D067  square 
cp 

centimeters  per  second). 

Solving  Eq.  (2) : 


1!0.0Hh[(i-.— )-('-^'^:) 

or,  //  =  IISO  gram-calories  per  second  per 
cubic  centi  neter. 

Since  power  in  watts  =  4.187  x 
gram-calories  per  second  and  the  vol¬ 
ume  actually  to  be  heated  is  0.002 
cubic  centimeters,  the  power  re¬ 
quired  for  this  volume  is: 

4.187  X  IISO  X  0.002  =  9  88  watts 
On  the  basis  of  similar  calcula¬ 
tions,  curves  have  been  drawn  in 
{Continued  on  page  160) 
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Power  Output  of 

A-C  OPERATED  AMPLIFIERS 


For  many  industrial  applications  amplifiers  can  be  operated  advantageously  from  an 
a-c  source  of  power.  Rapid  and  comparatively  simple  graphical  methods  of  determining 
the  power  output  of  a-c  operated  triode  and  pentode  amplifiers  are  given 


The  operation  of  electron  tubes  in 
communication  circuits,  with 
few  possible  exceptions,  requires  the 
application  of  direct  voltages  be¬ 
tween  the  various  electrodes.  These 
electrode  voltages  establish  the 
quiescent  points  or  operating  condi¬ 
tions.  The  path  of  operation  can 
then  be  determined  from  a  knowl¬ 
edge  of  the  manner  in  which  the  con¬ 
trol  grid  voltage  varies,  and  from  a 
knowledge  of  the  static  characteris¬ 
tics  of  the  tubes.  The  analysis  of  this 
type  of  circuit  operation  has  been 
rather  thoroughly  covered  in  techni¬ 
cal  literature. 

In  the  industrial  application  of 
electron  tubes  the  need  for  direct  op¬ 
erating  electrode  voltages  is  not  so 
important.  Indeed,  it  is  frequently 
possible  (and  many  times  conven¬ 
ient)  to  operate  the  tubes  from  an  a-c 


WARREN  A.  SCHWARZMANN 


Camhridqe,  Mann. 


source  of  power.  Such  operation  is 
not  suitable  for  those  applications 
which  require  the  instantaneous  and 
continuous  flow  of  plate  current, 
but  it  is  suitable  for  those  control 
operations  which  need  not  take  place 
more  quickly  than  every  cycle  of  the 
alternating  current  supply. 

The  prediction  of  the  power  out¬ 
put  of  a-c  operated  amplifiers  is 
usually  of  major  consideration  in 
this  method  of  operation.  It  is  the 
purpose  of  this  article  to  outline 
methods  for  calculating  the ’output 
power  of  alternating  current  oper¬ 
ated  amplifiers  using  tubes  having 


triode  or  pentode  characteristics.  The 
results  presented  here  are  based  on 
theoretical  calculations  as  well  as 
upon  laboratory  measurements,  us¬ 
ing  either  a  purely  resistive  load  or  a 
plate  load  consisting  of  a  resistor 
and  capacitor  in  parallel.  The 
methods  given  here  are  intended  to 
provide  approximate  results  quickly, 
using  the  average  plate  characteris¬ 
tics  of  the  tubes  as  given  in  any  tube 
manual.  It  is  hoped  that  the  method 
of  calculation  presented  here  will 
make  unnecessary  the  use  of  experi¬ 
mental  methods  of  design  which  may 
be  tedious  and  time-consuming. 

,  The  schematic  diagrams  for  which 
the  data  given  in.  this  article  ap¬ 
plies,  are  shown  in  Fig.  1  and  2.  In 
these  diagrams  and  in  the  analysis 
to  follow,  the  following  symbolic  no¬ 
tation  has  been  used: 


The  practical  determination  of  the  power 
output  of  o-c  operated  ampUfien  is  con¬ 
densed  from  the  author's  thesis,  "Predic¬ 
tion  of  the  Output  of  Alternating-Current- 
Operated  Amplifiers"  in  partial  fulfillment 
of  the  degree  of  Bachelor  of  Science  at 
the  Massachusetts  Institute  of  Technology 


Alternci'fe  Loads 


115  V. 
a-c  line 


ABOVE 

FIG.  1 — Schematic  diagram  for  triode.  lor 


two  diiierent  typei  of  loads.  Ulustroting  the 
notation  with  respect  to  Toltage  ond  load 


LEFT 

FIG.  2 — Diagram  of  connections  ior  pentode 
and  load  ior  which  the  grophicol  diaqron 
of  power  output  is  determined 


FIG.  3 — Load  ciirrent.  load  roltage  chart 
lot  pentodes  operated  with  a-c  power 
supply  and  haring  RC  load 
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ALTERNATIN6  CURRENT  OPERATED  AMPLIFIER  LOAD  CURRENT -LOAD  V0LTA6e  CHART 


rent  flows.  For  constant-fi  triodes, 
E,  =  —fiE,,  where  E,  is  the  n  ga- 
tive  bias  voltage. 


e.  -£l!T£.r.m.a.valueofcathodei5rid  P^viously  given. 

voltage  Both  of  the  above  equations  are 

E,.  steady  grid  voltage  based  on  the  assumption  that  the  al¬ 
ii,  r.m.8.  value  of  alternating  component  of.  ,.  .  1.,,  , 

cathode-grid  voltage;  Et  is  considered  ternating  components  of  the  grid  and 
to  be  positive  when  in  phase  with  £»»,  plate  voltage  are  in  phase.  If  there 

between  the  plate 

El  r.m.8.  value  of  voltage  across  RC  load  supply  voltage  and  the  sinusodial  com- 
for  triode  or  pwtode  ponent  of  grid  voltage,  the  numera- 

load  for  triode  equations  (1)  and  (2)  become: 

axis,  It  ■«  0,  when  the  straight  portion  ^ 

of  the  curve,  £.  =  0,  is  extended  to  where  <f>  is  the  angle  of  phase  shift 

tor  Whioh  tube  «  considered  to  be  positive, 

ratings  or  static  characteristic  curves  If  fJ-Eg  is  much  less  than  E^t,  the 

of  tube  are  av^able  numerator  simplifies  to : 

E actual  screen  gnd  voltage  at  which  tube 

is  to  be  operated  1.35  (£*»  -f  nE,  cos  -f  tiE„  —  E,  (4) 

II  average  value  of  the  current  flowing  .  v  i  i  . 

through  load  resistor  Rl  Once  the  average  value  of  the  plate 

7.  calculated  plate  current  at  sero  grid  bias 
and  zero  plate  volti^;e  and  for  screen 
voltage  for  which  static  curves  or 

tube  ratings  are  available,  obtained  MAXIMUM  RATINGS  FOR  6G8-G  CON- 
by  projecting  the  saturated  curves  to  NECTED  AS  PENTODE 

lc7t  axis 

7.  calculated  plate  current  at  zero  bias,  Plate  voltage .  180  max.  volts 

zero  plate  voltage,  and  for  screen  grid  Screen  voltage .  180  max.  volts 

volta^  at  which  tube  is  operated  Plate  dissipation . 2.75  max.  watts 

P  power  delivered  by  tube  to  its  load  Screen  dissipation . 0 .75  max.  watts 

Rl  resistanoe  ot  external  plate  load  resistor 

r,  internal  plate  resistance  of  tube  Typical  Operation  and  Characteristics  — 

M  amplification  factor  Class  Ai  Amplifier 


Ontpst  of  A-C  Operated  Pentode 
Amplifier 

The  power  output  of  tubes  having 
pentode  characteristics  are  most  con¬ 
veniently  and  accurately  determined 
through  the  use  of  the  graphical 
chart  of  Fig.  3.  The  chart  of  Fig.  3 
can  be  used  with  any  pentode  type  of 
tube  once  its  static  characteristics 
are  known.  The  results  have  been 
applied  only  for  a  load  consisting  of 
a  resistor  and  capacitor  combination 
in  parallel  as  the  load  circuit. 

It  will  be  noted  that  the  coordinates 
of  Fig.  3  are  given  either  as  a  cur¬ 
rent  ratio  or  as  a  voltage  ratio  and 
hence  the  diagram  is  applicable  to 
any  voltage  and  current  at  which  the 
tube  can  be  operated.  For  example, 
in  order  to  obtain  the  load  current 
the  ordinates  of  Fig.  3  must  be  mul¬ 
tiplied  by  /.;  likewise  to  obtain  the 
load  voltage  the  abscissa  must  be 
multiplied  by  E*».  Rather  than  give 
the  theory  underlying  the  construc¬ 
tion  of  the  chart  of  Fig.  3,  it  seems 
practical  to  limit  discussion  to 


tions 

defer 


The  behavior  of  a  triode  can  be 
predicted  with  reasonable  accuracy 
from  relatively  simple  equations 
which  express  the  load  current  in 
terms  of  tube  parameters  and  oper¬ 
ating  voltages.  In  the  case  of  the 
tubes  having  pentode  characteristics, 
investigations  have  shown  that 
graphical  methods  are  more  conven¬ 
ient  and  accurate  than  mathematical 
equations. 

It  can  be  shown  that,  for  a  triode 
with  a  pure  resistance  load,  the  aver¬ 
age  plate  current  is: 

1.35(gu  -1-  M  -b  nE.,  -  E. 


more 
a  use  of  this  chart. 

Let  us  take  a  specific  problem.  We 
have  a  relay  which  we  desire  to  open 
and  close.  A  capacitor  will  be  used 


current  and  the  resistance  of  the  load  a  115-volt 
are  shown,  the  average  voltage  across  available. 
(1)  the  load  can  be  determined  as  can  The  po 
This  equation  expresses  the  aver-  also  the  power  dissipated  in  the  load  relay  is  P 
age  value  of  the  plate  current  when  resistor,  provided  the  resistor  is  a  o.32  watt, 
the  tube  parameters  and  operating  linear  device.  Experience  has  indi-  El  =  hR 
voltages  are  known.  It  should  be  ob-  cated  that  these  equations  can  Since  onlj 
served  that  r,  and  ft  are  to  be  deter-  usually  be  used  to  produce  results  control  of 
mined  in  the  usual  manner  for  the  which  are  accurate  to  within  5  or  10  tube  is  re 
root-mean-square  values  of  the  oper-  percent,  although  occasionaly  errors  operating 
ating  voltages.  Of  course,  these  val-  as  high  as  25  percent  may  be  en-  should  be 
ues  will  vary  throughout  the  cycle,  countered.  The  equations  are  de-  will  be  se 
but  the  published  values  can  usually  rived  on  the  following  assumption :  than  adec 
be  used  for  engineering  purposes.  1-  The  static  plate  characteristics  rated  volt 
If  the  resistance  load  is  shunted  by  are  straight,  parallel,  equidistant  producing 
a  capacitor  of  sufficient  capacitance  lines,  which  assumes  that  the  ampli-  electrode 
so  as  to  keep  the  load  voltage  essen-  fication  factor  is  constant.  If  high  purposes  ( 
tialy  constant  throughout  a  complete  negative  grid  bias  is  used,  the  ap-  will  be  w 
cycle,  then  the  average  load  current  proximation  is  not  too  good  because  tion  that 
may  be  obtained  from  the  expres-  of  the  curvature  of  the  plate  char-  available; 
sion :  acteristic.  available, 

_  1.35(Jg»  -f-  nE,)  Mg..  -  E.)  ...  2.  E,  is  the  value  of  the  plate  vol-  be  obtain( 
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MAXIMUM  RATINGS  FOR  6G8G  CON- 

NECTED  AS  PENTODE 

Plate  voltage . 

180  max.  volts 

Screen  volt^e . 

180  max.  volts 

Plate  dissipation . . . 

2.75  max.  watts 

Screen  dissipation . . 

0 .75  max.  watts 

Typical  Operation  and  Characteristics  — 

Class  Ai  Amplifier 

Plate  voltage . 

135 

180 

volts 

Screen  voltage .... 

135 

180 

volts 

Grid  voltage . 

Peak  A-F  grid  volt- 

-6 

-9 

volts 

age . 

Zero-signal  plate 

6 

9 

volts 

current . 

11.5 

15 

ma 

Zero-signal  screen 

current . 

2. 

2.5 

ma 

Plate  resistance . . . 

0.170 

0.175 

megohm 

Transconductance 

2,100 

2,300 

jumhos 

Load  resistance . .  . 
Total  harmonic  dis- 

12,000 

10,000 

ohms 

tortion . 

Maximum  signal 

7  5 

10 

% 

power  output . . . 

0.6 

1.1 

watts 

RESULT — Obsenrers  in  balcony-boxes  high  up  on  the  sides  of  the  battle  building  check  the  positions  of  models 
constantly  and  report  the  progress  oi  maneuTers  ior  position  by  wire  to  operations  headquarters 
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WARNING — Approach  of  enemy  raiders  is  reported  by  wire. 
Position,  progress  and  probable  course  are  quickly  plotted  on  a 
map  here  at  operations  headquarters  and  instructions  ior  inter¬ 
ception  dispatched  by  radio  to  strategically  located  fields 


CONTACT — Out  on  the  floor  of  a  building  serring  as  a  simulated 
combat  area  in  miniature,  instructions  from  operations  head¬ 
quarters  ore  receiTed  on  walkie-talkies.  Models  representing 
raiders  (2)  and  defending  planes  (B)  are  guided  into  position 


Radio-Robot  Battle 


Electric  cars  controlled  by  radioed  instruc¬ 
tions  go  through  maneuvers  of  raiding  and 
defending  air  squadrons  while  trainees  at 
an  Army  Air  Force  school  in  Orlando, 
Florida  handle  communications  equipment 


Design  Data  fo 


By  H.  W.  HASENBECK 


Radio  Section,  Engineciiiifj  Luioratory 
Ryan  Aeronautical  Co. 

San  Diego,  Cal. 


FIG.  1  —  Constructional  details  of 
ground  plane  antenna.  L  may  be  any 
conTenient  length  prorided  it  is  at 
least  os  long  as  L. 


A  VERTICAL  antenna  located  several 
wavelengths  above  ground  does 
not  display  the  low  angle  of  radiation 
expected  unless  certain  features  are 
included  as  an  integral  part  of  the 
installation. 

One  type  of  high-frequency  an¬ 
tenna  designed  to  produce  a  low 
vertical  angle  of  radiation  is  the  so- 
called  “ground  plane.”  Its  design 
was  conceived  by  Brown  and  Ep¬ 
stein/  and  is  unique  in  that  its 
features  not  only  produce  the  desired 
low  angle  of  radiation,  but  also  allow 
for  proper  termination  of  the  trans¬ 
mission  line  and  place  the  antenna  at 
ground  potential.  Figure  1  illus¬ 
trates  the  mechanical  construction. 

Basically,  the  antenna  assembly  is 
so  designed  that  a  parallel  circuit  is 
formed,  whose  impedance  can  be 
made  to  match  the  characteristic 


surge  impedance  of  concentric  trans¬ 
mission  lines  commercially  available. 
The  equivalent  electrical  circuit  of  a 
grohnd  plane  antenna  is  shown  in 
Fig.  2.  The  parallel  circuit  formed 
by  the  ground  plane  antenna  is  ac¬ 
complished  by  connecting  the  base  of 
the  antenna  to  the  center  conductor 
of  a  metallic  concentric  base  support, 
shown  in  Fig.  1  as  L.  This  center 
conductor,  shown  as  L.  in  Fig.  1, 
acts  as  an  inductance,  and  is  shunted 
at  the  top  by  the  antenna  base  im¬ 
pedance,  composed  of  capacitive  re¬ 
actance  and  radiation  resistance.  If 
the  inductance,  capacitance  and  re¬ 
sistance  are  of  the  proper  values,  the 
parallel  circuit  thus  formed  will  act 
as  a  pure  resistance  at  the  operating 
frequency. 

As  illustrated  in  Fig.  1,  the  outer 
conductor  of  the  coaxial  transmission 
line  is  connected  to  the  outer  con¬ 
ductor  of  the  antenna  base  support. 
Since  the  inner  conductor  is  common 
to  the  outer  conductor,  due  to  a  me¬ 
tallic  shorting  disc  at  the  base  of  L„ 
the  antenna  assembly  may  be  placed 
at  ground  potential,  providing  the 
antenna  supporting  structure  or  the 
outer  sheath  of  the  coaxial  line  is 
grounded. 


Dasign  Data 

Consider  the  circuit  shown  in  Fig. 
2.  If  the  values  of  reactance  and  re¬ 
sistance  are  properly  proportioned, 
the  circuit  can  be  made  to  act  as  a 
pure  resistance,  practically  equal  to 
the  surge  impedance  of  coaxial  trans- 


FIG.  2 — Equivalent  electrical  circuit  oi 
ground  plane  antenna 


mi.ssion  lines  in  common  use.  Proof 
of  this  fact  is  demonstrated  by 

j53.3  (25  -  j36)  „ 

25 +j63.3- ,36 

The  term  >53.3  represents  the  re-( 
actance  of  L.  in  Fig.  2,  and  the  term 
(25 — >36)  represents  the  resistance 
and  reactance  of  L..  The  combined 
branches  of  the  circuit  equal  77 
ohms  and  form  the  termination  of 
the  coaxial  transmission  line. 

The  four  arms  extending  out  from, 
the  top  end  of  the  outer  sleeve  of  the 
concentric  base  support,  labelled  D, 
are  ground  radials.  These  radials 
are  necessary  to  lower  the  radiatior 
resistance  and  decrease  the  effect  o 
high-angle  interference  radiation, 
originating  on  the  supporting  struc 
ture  or  coaxial  feed  line. 

The'  terms  found  on  the  left  side 
of  Eq.  (1)  are  entirely  possible  to 
obtain  in  actual  practice,  and  the 
resulting  parallel  impedance  should 
be  satisfactory  for  terminating  co¬ 
axial  lines  having  a  characteristic 
surge  impedance  between  60  and  90 
ohms. 

It  can  be  shown  mathematically 
that  the  base  impedance  of  a  quar¬ 
ter-wave  antenna,  having  four  radi- 
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‘tound  Plane  Antennas 


he  addition  of  a  turnstile  element  to  a  high-frequency  vertical  antenna  lowers  the  angle 
radiation.  This  paper  develops  the  basic  formulas  for  designing  such  a  ground  plane 
itenna.  An  example  is  worked  out  for  a  78-ohm  termination  at  33.78  Me 


1,<  extending  from  its  base,  is 
-proximately  30  ohms:  Since  Eq. 

')  indicates  that  the  antenna  must 
er  a  capacitive  reactance  at  its 
se  equal  to  —  j36  ohms,  the  an- 
nna  must  be  made  slightly  shorter 
an  a  quarter-wave.  Obviously,  if 
antenna  is  shortened,  the  radia- 
on  resistance  will  decrease.  Meas- 
ements  indicate  that  when  the  an- 
nna  offers  —  j36  at  the  base,  the 
diation  resistance  decreases  to  25 
!m.“!  as  required  by  Eq.  (1). 

The  ;53.3  term  of  Eq.  (1)  is  easily 
dainable  by  properly  proportion- 
^the  length  of  the  concentric  base 
^rting  structure.  Once  the  surge 
pedance  of  this  section  has  been 
termined,  the  reactance  of  the  cen- 
r  conductor  can  be  calculated  quite 
•curately  by 

jX^Z.ttJxY  (2) 

Since  jX  must  equal  53.3, 

tan  y  -  53.3/Z.  (3) 

Z,  may  be  calculated  once  the  ma- 
ial  has  been  chosen  from  which 
e  antenna  base  support  is  to  be  con- 

i  LU'tfd. 

Z.  =  138.15  log  6.  a  (4) 

(  I  t  b  is  the  inside  diameter  of  the 
U  i  conductor  and  a  is  the  outside 
in  I  ’  .  r  of  the  inner  conductor. 

The  number  of  electrical  degrees 
‘th  the  tangent  value  represents, 
calculated  by  Eq.  (3),  may  be  ob- 
ited  from  a  table  of  trigonometric 
nit  ons.  The  length  in  inches 
t '  I  represents  one  electrical  de- 
at  the  operating  frequency  /  in 
c  is 

L  =  32.8//  (5) 

The  total  length  of  the  concentric 
itenna  base  supporting  section  L, 
measured  from  the  top  of  the 
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shorting  disc  to  the  top  of  the  outer 
conductor)  is 

L.  =  LY  (6) 

where  L  is  the  length  of  one  elec¬ 
trical  degree  in  inches,  and  Y  is  the 
number  of  electrical  degrees  neces¬ 
sary  to  form  53.3  ohms  reactance. 

Each  of  the  ground  radials  should 
be  one  quarter-wave  in  length,  and 
may  be  calculated  by 

d  =  85.5  L  (7) 

For  those  who  do  not  have  the 
necessary  equipment  to  measure  the 
characteristics  at  the  base  of  the 
antenna  so  as  to  determine  when  the 
antenna  length  is  properly  adjusted 
to  fulfill  the  term  (25 — /36)  given  by 
Eq.  (1),  the  following  equations  may 
be  of  interest: 

zfcj.Y  =  Z..tan  { {2irh/\)  -|-  (1.5t) 

+  001  (log  X/a)  -  4.6 

+  3.4] }  (8) 

where 

±  /  X  is  reactance  of  antenna 

Z..  is  characteristic  impedance  of  antenna 
h  is  length  of  antenna 
X  is  electrical  length  of  one  cycle  at  the 
operating  frequency 
a  is  radius  of  antenna  element 
Z..  =  X,  -h  K, 

Kx  =  138.15  log  h/a 
Kt - (60-1-69  log  2h/\) 

The  reactance  of  the  antenna  can 
be  calculated  quite  accurately  by  the 
use  of  Eq.  (8).  Since  the  length  of 
h  must  be  assumed  in  solving  for 
several  trial  values  may  be  neces¬ 
sary  before  the  exact  length  is  as¬ 
certained.  Previous  calculations  in¬ 
dicate  that  the  length  of  h  is  usually 
between  87  percent  and  90  percent 
of  the  true  90  deg.  electrical  length. 
Several  values  of  h  should  be  chosen 
between  these  limits  and  the  react¬ 
ance  calculated.  The  values  should 
then  be  plotted  as  a  function  of  h  to 
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IN  INCHES 

FIG.  3 — Reactance  os  a  function  of 

length  b  for  the  hypothetical  antenna 
design  gieen  in  the  text 

obtain  the  exact  length  for  a  re¬ 
actance  of  — /36  ohms  at  its  base. 

Example  of  Caleelafiont 

A  practical  example  may  help  in 
making  the  included  data  more  eas¬ 
ily  followed.  Assume  it  is  desired  to 
design  a  ground  plane  antenna  to 
operate  on  a  frequency  of  33.780 
Me.  The  charactferistic  impedance  of 
the  transmission  line  is  78  ohms.  The 
material  available  for  the  antenna 
base  support  is  a  section  of  copper 
tubing  with  an  inside  diameter  of  2 
inches  and  a  center  conductor  having 
an  outside  diameter  of  0.625  inches. 
The  antenna  section  is  to  be  a  con¬ 
tinuation  of  the  center  conductor  of 
the  antenna  base  support. 

If  the  various  sections  of  the  an- 


FIG.  4 — ^Antoiuia  reactoacs.  antenna 
f— litancn  and  antenna  base  reactance 
as  a  function  of  S'li/X 


tenna  system  satisfy  the  terms  eriven 
on  the  left  side  of  Eq.  (1),  the  78- 
ohm  transmission  line  should  be  sat¬ 
isfactorily  terminated. 

Since  the  antenna  base  support  L, 
is  to  offer  the  required  63.3  ohms  re¬ 
actance  to  the  base  of  the  antenna, 
the  lensrth  of  this  section  must  be 
calculated.  First,  it  is  necessary  to 
calculate  the  Z.  of  this  section  by  the 
use  of  Eq.  (4).  Z.  =  138.15  log 
^/0.625  ^  70  ohms. 

Substituting  known  values  in  Eq. 

(8) ,  we  get  63.3  =  70  tan  Y,  or  tan 
Y  =  63.3/70  =  0.76143.  Then 
tan-‘  0.76143  =  F  =  37“  17'. 

From  Eq.  (5)  the  length  of  one 
electrical  degree  may  be  calculated: 
L  =  32.8/83.780  =  0.973  inches. 
From  Eq.  (6),  L,  =  37.2833“  x  0.973 
=  36.28  in. 

The  next  operation  solves  for  the 
Iragth  of  the  ground  radials.  The 
length  is  measured  from  the  outer 
wall  of  the  outer  conductor  of  the 
concentric  antenna  base  support  to 
the  tip  of  the  radial :  d  =  85.5  x  0.973 
=  93  in. 

The  antenna  must  offer  — y36  at 
its  base.  The  proper  length  may  be 
calculated  by  the  use  of  Eq.  (8)  and 

(9) .  As  mentioned,  the  length  usually 
will  be  between  87  percent  and  90 
percent  of  the  true  90  deg.  electrical 
length.  The  90  deg.  length  is  90“L 
=  90“  X  0.973  =  87.5  in.  The  cor¬ 
rect  length  of  h  should  be  between 
0.87  X  87.6  in.  and  0.9  x  87.5  in.  or 
between  76  in.  and  78.8  in. 

If  the  reactance  of  the  antenna  is 
calculated  for  the  lengths  76  and 
78.8  in.  and  these  reactive  values 


A 


NOTE:  Th*  frequency  range  covered  by  tbe  curvee  In  Hq.  4  and  S  is  approxi¬ 
mately  30  to  37  Me,  with  h  being  tbe  correct  value  of  77.8  inehei  for  33.78  Me 


plotted  as  a  function  of  h,  the  proper 
value  may  be  ascertained. 

The  characteristic  impedance  of 
the  76  in.  element  is  Z..  =  Xi  -H  Kt. 

Ki  =  138.15  log  76/0.3125  =  330 

X,  =  -  (60  +  69  log  152/350)  =  -  35.7 

Z..  =  330  -  35.7  =  294.3  ohms. 

The  characteristic  impedance  of 
the  78.8  in.  element  is 

Ki  =  138.15  log  78.8/0.3125  =  331 

X,  =  -  (60  -t-  69  log  157.6/350)  =■  -  36 

Z..  =  331  -  36  =  295  ohms 

From  Eq.  (8),  the  reactance  of  the 
76  in.  element  is 

±jX  =  294.3  tan  ^6.28  X  76/^  +  4.71 
-f  0.01  IV2.86  aog  350/0.3125)  -  4.6  +  3.41}- 

±iX  =  294.3  tan  6.073  +  0.0555 
=  294.3  tan  6.1285 
zkjX  =  294.3  tan  351.3  deg. 

Since  351.3  deg.  is  in  the  fourth 
quadrant,  the  tangent  value  is  nega¬ 
tive  and  the  reactive  component  of 
the  antenna  will  be  — jX. 

—  jX  =  294.3  tan  8.7  deg. 

=  294.3  X  0.153  =  45  ohms 

The  reactance  of  the  78.8  in.  ele¬ 
ment  is 


=  294.3  tan  ^6.28  X  78.8/350  -f  4.71 
-I-  0.01  IV2.86  aog  350/0.3125)  -  4.6  -|-  3.4] 
dbjX  =.  295  tan  6.1785 
d: ;  X  »  295  tan  354  deg. 

Since  354  deg.  is  also  in  the  fourth 
quadrant  the  tangent  value  is  nega¬ 
tive  and  the  reactive  component  is 
-jX. 

-  jX  =  295  tan  6  deg.=  295  X  .1051 
B  31  ohms 

When  these  two  values  are  plotted 
as  a  function  of  h  as  shown  in  Fig. 
3,  the  correct  value  of  h  to  produce 
— ;36  ohms  is  77.8  in. 

Thus,  to  construct  a  ground  plane 
antenna  to  operate  on  a  frequency 
of  33.78  Me,  which  will  properly  ter¬ 
minate  a  78-ohm  transmission  line, 
the  antenna  must  be  f  in.  diameter 
and  77.8  in.  long.  The  antenna  base 
support  must  have  a  surge  im¬ 
pedance  of  70  ohms  and  a  length  of 
36.28  in.  The  lengths  of  the  four 
ground  radials,  extending  out  at 
right  angles  from  the  top  of  the  an¬ 
tenna  base  support,  must  be  83  in. 
each. 

The  curves  in  Fig.  4  and  5  Ulus- 
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FIG.  5 — Antanna  terminating  impe¬ 
dance  and  its  phase  angle  os  a  hinc- 
tion  oi  i^h/\ 
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trate  the  variation  of  reactive  and 
resistive  component  parts  of  the  an¬ 
tenna  when  the  operating  frequency 
is  varied  from  the  proper  operating 
freiiuency  of  33.78  Me.  The  fre¬ 
quency  range  represented  by  both 
curves  is  approximately  30  to  37  Me. 
Fipure  5  combines  the  reactive  and 
resistive  components  to  illustrate  the 
variation  in  magnitude  of  the  an¬ 
tenna  terminating  impedance  and  its 
rhas(‘  angle. 

The  author  wishes  to  acknowledge 
the  cooperation  of  the  technical  staff 
of  the  Radio  Section  of  the  Electrical 
Division  of  the  City  of  San  Diego  in 
aiding  with  construction  and  meas¬ 
urements  of  the  antenna  described 
in  this  paper. 
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The  constant  32.8  in  Eq.  (5)  was 
derived  from 

-  3  X  10»/7...i..  =  3  X  Kfi/fy. 

^  ...k..  -  39.37  X  3  X 
L  =  39.37  X  3  X  10»,  360 =  32.8//i». 

Measurements  indicate  that  the 
length  of  the  ground  radials  is  not 


critical  providing  they  are  equal  to 
90  deg.  electrical  length  or  longer. 
The  constant  85.5  when  multiplied  by 
L  gives  the  approximate  90  deg.  elec¬ 
trical  length,  after  allowance  has 
been  made  for  “end-effect”.  (85.5  is 
95  percent  of  90  deg.) 

In  computing  the  resistance  and 
reactance  at  the  base  of  the  antenna, 
the  antenna  was  considered  as  an 
open-circuited  transmission  line.  The 
methods  used  in  obtaining  the  char¬ 
acteristic  impedance  Z„  of  the  an¬ 
tenna  were  developed  by  Morrison 
and  Smith.*  (For  a  complete  deriva¬ 
tion,  refer  to  p.  693  of  their  paper.*) 
The  accuracy  of  Morrison  and 
Smith’s  methods  of  calculation  seems 
to  be  substantiated  by  the  correla¬ 
tion  between  the  reactance  values 
calculated  by  the  use  of  Eq.  (8)  and 
the  results  obtained  by  the  more 
rigorous  formula  given  by  King  and 
Blake.* 

By  including  the  1.5  n  term  in  Eq. 
(8),  a  rotation  of  270  deg.  is  pro¬ 
duced,  making  it  possible  to  multiply 
the  Z„  term  by  the  tangent  value 
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without  regard  to  the  antenna 
length,  up  to  X/2. 

The  square  root  term  in  Eq.  (8) 
corrects  for  “end  effect”  which  is  in¬ 
fluenced  by  the  relationship  between 
the  antenna  radius  and  operating 
wave  length. 

Over  the  range  of  ^Tthfk  under  con¬ 
sideration  for  this  investigation  (1.25 
to  1.53),  the  reactance  values  calcu¬ 
lated  by  Eq.  (8)  are  in  complete 
agreement  with  those  calculated  by 
the  formula  given  by  King  and 
Blake.* 

The  values  of  resistance  used  in 
formulating  curve  R,  in  Fig.  4  and 
calculation  to  obtain  the  impedance 
and  phase  angle  curves  of  Fig.  5 
were  derived  from  the  data  given  by 
King  and  Blake. 

Several  methods  of  calculating  the 
antenna  resistance  were  investigated, 
and  the  results  indicate  that  the 
values  obtained  are  not  in  perfect 
agreement.  The  formula  cited  by 
Brown  and  Epstein  gives  a  resis¬ 
tance  of  21.159  ohms  at  X/4,  while 
the  transmission  line  formula  given 
by  Morrison  and  Smith  yields  a  re¬ 
sistance  of  approximately  36  ohms. 
The  rigorous  method  of  King  and 
Blake  gives  a  value  of  approximately 
32.5  ohms. 
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Temperature  Compensation 

with  Negative  Coefficient  Resistors 


Use  of  semi'conducting  materials  as  series  neutralizers.  Early  experiments  with  d-c  millivol 
meters,  shunted  and  thermocouple  ammeters,  a-c  voltmeters,  ohmmeters  of  the  ratio  ivpi 
recording  voltmeters  and  ammeters.  Commercial  diesel  engine  pyrometer  application 


FIG.  1 — Temperature-resistance  characteristics  oi  three  types  of  neutralisers 


FIG.  2 — Temperature  characteristics  of  experimental  millivol tmeter 


IT  IS  WELL  KNOWN  that  ele, 
tromagnetic  and  thermal  vol 
meters  and  wattmeters  rntasu 
potential  in  terms  of  current.  Oil 
viously  the  ratio  of  potential  to  cu 
rent  is  determined  by  the  impt  danc 
of  the  instrument  circuit.  This  in| 
pedance  is  to  an  important  degr 
a  function  of  the  temperature  of  tlj 
coils  and  other  instrument  element 
Many  engineers  who  use  voltmeteil 
and  shunt  ammeters,  but  do  not 
sign  them,  fail  to  realize  how  ser 
ous  ambient  temperature  errors  ca 
be.  The  writer  has  repeatedly  com 
across  instruments  in  which  tb 
range  has  been  multiplied  by  .^omt 
one  not  skilled  in  the  art  If  it 
correctly  done  the  results  will  b 
good.  But  it  is  frequently  acc 'm 
plished  in  such  a  manner  that  if  th 
sun  shines  on  the  instrument  its  cal 
ibration  changes  several  percent. 

The  resistance  of  copper  or  alum 
num  changes  about  0.2  percent  pej 
deg.  F.  This  means  that  if  a  vnl 
meter  employs  circuit  elements  co 
.sisting  entirely  of  these  metals  ai 
is  calibrated  at  70  deg.  F.  it  w 
read  1  percent  low  at  75  deg. 


Eff«ct  of  Tomperatvr*  Variation 

In  an  electrical  instrument,  ; 
most  important  effect  of  tempera] 
ture  variation  is  to  change  the  resi 
ance  of  the  coil  or  coils.  Til 
temperature  coefficient  of  contr 
spring  elasticity,  which  is  negativ 
is  ordinarily  about  one  tenth  tb 
magnitude  of  the  positive  co-effici 
of  resistance,  and  in  a  d’ Arson 
mechanism  is  partly  balanced  by 
coefficient  of  the  permanent  magn 

In  d-c  voltmeters  of  more  than 
few  volts  full  scale,  temperature  co 
pensation  virtually  takes  care  of 
self.  D’Arsonval  mechanisms  are 
efficient  that  full-scale  deflection 
readily  be  obtained  with  only  50 
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Typical  neqatiTe  temperalure  coeiiicient  resistorm  ol 
the  type  used  by  the  author  as  instrument  neutralisers 
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100  millivolts  applied  across  the  mov¬ 
ing  element.  Nothing  practical  is  to 
be  gained  by  increasing  the  potential 
across  it  beyond  200  millivolts.  If 
a  0.05-volt  mechanism  is  used  to 
make  a  5-volt  voltmeter,  99  percent 
of  the  resistance  will  be  in  manganin 
or  constantan,  and  the  temperature 
coefficient  of  the  instrument  will  be 
only  one  hundredth  that  of  the  wire 
(neglecting  the  influence  of  temper¬ 
ature  on  the  hairsprings  and  mag¬ 
net),  But  if  this  same  mechanism 
is  to  be  used  for  ranges  below  one 
volt,  it  is  time  to  guard  against  tem¬ 
perature  errors. 

Other  instruments  in  which  the  re¬ 
duction  of  temperature  influence  is  a 
problem  are  millivoltmeters,  includ¬ 
ing  pyrometer  indicators;  shunted 
ammeters  and  thermocouple  instru¬ 
ments;  a-c  voltmeters,  in  which  the 
burden  is  much  higher  than  in  d-c 
instruments;  ohmmeters  of  the  ratio 
type,  in  which  the  calibration  is  de¬ 
termined  by  the  resistance  of  one  of 
the  instrumnt  circuits;  and  record¬ 
ing  voltmeters  and  wattmeters.  Pen- 
writing  recorders  require  roughly  a 
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thousand  times  the  power  consumed 
by  corresponding  indicators  to  trav¬ 
erse  a  given  length  of  scale. 

With  all  these  instruments  the 
problem  is  to  get  as  much  of  the 
available  voltage  across  the  active 
magnetic  coil  as  possible,  without 
giving  the  instrument  an  inadmis¬ 
sible  temperature  coefficient. 

Commercial*  Compansatioii  Practice 

In  1936,  Brooks  described  a  method 
of  fully  compensating  a  millivolt- 
meter  by  shunting  it  with  iron  or 
nickel,  metals  having  high  positive 
temperature  coefficients,  and  adding 
manganin  in  series.*  The  principle 
was  based  on  an  earlier  method  of 
Swinburne.  According  to  Brooks’  an¬ 
alysis,  to  obtain  complete  compensa¬ 
tion  eight-ninths  of  the  millivoltage 
must  be  consumed  in  the  series  re¬ 
sistor  and  a  considerable  part  of  the 
current  must  be  lost  in  the  shunt. 
Therefore,  perfect  compensation  is 
gained  but  only  at  the  expense  of  a 
large  quantity  of  power  consumed  in 
the  compensating  resistors  compared 
to  that  in  the  moving  element. 


By  JOHN  ROBERT  PATTEE 

ne  relopment  Bnffine*r 
The  Bristol  Companp 
WnterbufTf,  Conn. 


The  usual  commercial  practice  has 
been  to  make  the  series  resistor  of 
manganin  or  constantan,  both  of 
which  have  substantially  zero  tem¬ 
perature  coefficients.  Its  resistance 
has  to  be  at  least  five  times  that  of 
the  coil  to  give  fair  compensation 
over  a  moderate  range  of  tempera¬ 
ture.  If  the  instrument  is  to  be  very 
precise,  or  if  it  is  to  be  completely 
reliable  outdoors  and  particularly  in 
aviation  service,  the  ratio  must  be 
several  times  higher.  The  result  is 
that  more  precious  microwatts  are 
wasted  in  the  series  resistor  than  are 
used  in  the  coil. 

Negative  T.C.  Series  Resistors 

The  ideal  series  resistor  would 
have  a  high  negative  temperature 
coefficient  rather  than  a  zero  t.c. 
which  merely  “dilutes”  both  the  tem¬ 
perature  error  and  the  efficiency  of 
the  instrument.  The  required  change 
in  resistance  (equal  and  opposite  to 
that  of  the  mechanism  coil)  would 
preferably  be  obtained  by  virtue  of 
the  ideal  resistor’s  inherent  charac¬ 
teristics,  permitting  the  compensat¬ 
ing  job  to  be  accomplished  without 
the  necessity  for  a  wastefully  high 
series  resistance  value. 

Carbon  in  some  forms  has  a  nega¬ 
tive  coefficient.  The  author  under¬ 
stands  that  it  has  been  successfully 
employed  to  compensate  electrical  in¬ 
struments  but  has  seen  no  data  on  its 
performance  in  this  application. 

There  does  not  appear  to  be  any 
ductile  metal  having  entirely  suitable 
properties.  (Manganin,  constantan 
and  a  few  other  alloys  have  very 
small  negative  t.c.  at  high  temper¬ 
atures.  Driver-Harris’  Ohmax  is 
stated  to  have  a  t.c.  of  —0.00035  per 
deg  C.)  However,  in  1937,  Faus  of 
General  Electric  published  a  descrip¬ 
tion  of  resistors  made  of  tellurium 
and  tellurium-silver  alloys.’  They  are 
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The  three  types  were  uranium  oxide.  Early  Silicon  Carbide  Stndles 

with  a  t.c.  of  3  percent  per  deg  C,  a  Knowing  that  the  resistors  were 
mixture  of  nickel  oxide  and  man-  not  specifically  designed  for  this  pur- 
ganese  oxide,  with  a  t.c.  of  4.2  per-  pose,  the  author  nevertheless  als, 
cent  per  deg  C,  and  silver  sulphide,  undertook,  about  two  years  ago,  an 
with  a  t.c.  of  4.9  percent  per  deg  C.  extended  study  of  Globar  B  resistor.^ 
The  nickel  and  manganese  oxide  com-  as  possible  “neutralizers”  for  instru- 
position  was  said  to  be  suitable  for  ment  compensation.  (The  word 
d-c  circuits,  the  other  two  compounds  neutralizer  is  ’desirable  when  describ 
being  subject  to  polarization.  ing  resistbra  used  for  this  purposr 

A  number  of  years  ago  The  Car-  as  it  avoids  confusion  with  the  cold 
borundum  Company  began  mapufac-  end  “compensator”,  which  is  a  bi- 
turing  for  general-purpose  use  sili-  metallic  spiral  used  in  pyromillivolt 
con  carbide  resistors  called  Globar  B,  meters  to  compensate  for  the  poten 
having  negative  coefficients.  They  tial  of  the  reference  junction,  h 
were  not  specifically  designed  for  in-  order  to  obtain  the  precise  informa 
strument  compensation  at  that  time  tion  necessary  to  apply  such  resiston 
but  it  is  known  that  the  Weston  as  neutralizers  to  instruments  of  di 
Electrical  Instrument  Company  ex-  verse  characteristics,  it  was  founc 
perimented  with  these  resistors  soon  desirable  to  measure  the  resistance 
remarkable  in  several  ways.  Tellur-  after  they  were  made  available.  Tests  of  a  quantity  of  them  at  various  tem 
ium,  so  far  as  the  author  of  the  pres-  were  made  but  to  the  author's  knbwf-  peratures  between  —45  dejr  Cam 
ent  paper  knows,  is  the  only  element 
besides  carbon  which,  in  elemental 
form,  has  a  useful  negative  temper¬ 
ature  coefficient.  The  coefficient  of 
the  resistors  described  is  —1.2  per¬ 
cent  per  deg  C.  This  is  three  times 
tnat  of  copper  (and  opposite  in  sign), 
and  many  times  higher  than  that  of 
carbon.  The  resistance-temperature 
characteristics  are  shown  to  be  lin¬ 
ear  from  -1-70  deg  C  to  —10  deg  C 
for  tellurium  and  from  -f-70  deg  C 
to  —70  deg  C  for  a  15  percent  silver 
and  85  percent  tellurium  alloy.  But 
resistors  of  the  variety  described  ap¬ 
pear  to  have  relatively  low  current- 
carrying  capacity.’  (Faus  also  has 
patented  a  cadmium-antimony  com¬ 
pound  having  similar  characteris¬ 
tics.*) 
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FIG.  3 — Neutralizers  arranged,  from  bot¬ 
tom  up.  in  the  order  in  which  they  hare 
been  employed  in  diesel  engine  pyrometers 
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NTC  resistor. 


Total  iCoit  in  series  with  NTC  and  shunt  )■ 


Characteristics  of  Semi-Conductors 

It  has  long  been  known  that  most 
insulators  become  conductors  at  high 
temperatures,  and  that  the  conduc¬ 
tivity  of  many  semi-conductors  in¬ 
creases  with  temperature.  Among 
the  latter  may  be  mentioned  the  car¬ 
bides  of  silicon  and  boron  and  oxides 
of  uranium,  manganese  and  copper. 
In  general,  semi-conductors  are  ox¬ 
ides,  carbides,  sulphides  and  nitrides 
of  polyvalent  metals.  It  is  the  adap¬ 
tability  of  such  materials  to  the  com¬ 
pensation  of  electrical  instruments 
which  is  our  chief  concern  in  the  fol¬ 
lowing  discussion. 

In  1940,  Pearson  described  three 
types  of  negative  temperature  coef¬ 
ficient  materials  and  called  resistors 


Shunt  resistor 
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FIG.  4 — Graphs  suggesting  method  of  obtaining  temperature  compensation 
of  an  instrument  coil  over  a  wide  range  by  using  a  neutralizer  consisting  of 
a  negatire  temperature  coefficient  resistor  shunted  by  another  resistor 
haying  a  slightly  positiye  coefficient 
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FIG.  5— CuTTM  ihowing  NTC  rviistor  liie-test  psrionnance 


umerically  smaller  than  that  of  cop-  of  change,  and  more  important  than  Expor  menfa  ecor  ng  o  m*  er 
er;  and  i  in.  x4  in.  ones,  of  about  the  initial  resistance  value  itself.  In  1940,  an  experimental  recording 
00  ohms,  and  having  a  coefficient  of  (The  author  has  coined  a  s3rmbol  for  voltmeter  was  built,  based  on  one  of 
-0.6  per  deg  C.  This  is  roughly  it.  The  symbol  is  DR.  In  mathe-  otir  standard  models.  One  of  the 
-li  times  that  of  copper.  (Ordi-  matics,  it  is  customary  to  use  a  capi-  ii»^4in.  neutralizers  mentioned 
arily,  temperature  coefficients  are  tal  delta,  preceding  a  letter  signify-  above  was  used  in  series  with '  a 
tated  in  ohms  per  ohm  per  degree,  ing  a  variable,  to  design^ate  a  change  solenoid  having  twenty  times  the  re- 
ut  in  instrument  compensation  work  in  the  variable.  The  letter  delta  does  sistance  of  the  standard  type.  The 
t  is  more  convenient  to  state  them  in  not  occur  on  conventional  typewrit-  burden  was  6.3  w’atts  at  110  volts, 
ercent  per  degree,  because  instru-  ers,  so  for  convenience  in  writing  compared  with  35  watts  in  a  stand¬ 
out  errors  are  customarily  stated  specifications  the  letter  D  is  used.)  ard  voltmeter.  The  temperature  coef- 
n  these  terms.)  The  change  of  resistance  per  de-  ficient  w'as  substantially  zero  over  a 

Among  the  small  neutralizers,  tern-  gree,  DR,  is  considered  of  prime  im-  wide  range  of  ambient  temperatures, 
p^rature  coefficients  varied  from  portance,  because  a  given  coil  will  The  model  was  in  almost  constant 
-0.19  percent  to  — 0.576  percent  per  have  a  definite  positive  DR,  which  operation  for  three  months,  at  tem- 
fleg  C.  Out  of  20  tested,  one  half  must  be  balanced  by  the  negative  DR  peratures  fiuctuating  between  55  deg 
were  between  —0.235  percent  and  of  the  neutralizer.  Besides  these  two  C  and  —9  deg  C,  with  a  final  test  at 
-0.270  percent.  Eighteen  were  be-  components,  any  production  instru-  — 42  deg.  Results  obtained  were  very 
tween  —0.232  percent  and  —0.386  ment  will  include  in  series  a  small  promising.  . 

peieent.  There  was  little  correlation  amount  of  zero  t.c.  resistance  for  Somewhat  later,  a  recording  watt- 
bitwim  coefficients  and  resistance  calibrating,  because  it  is  not  prac-  meter  using  neutralizers  was  de- 
ilues.  Some  neutralizers  which  tical  to  adjust  either  the  coil  or  the  signed.  But  the  war  has  so  changed 
were  intended  to  have  the  same  re-  neutralizer.  The  tolerance  on  DR  the  requirements  for  instruments 
distance  (and  did  at  one  particular  should  be  close,  because,  unless  selec-  that  neither  of  these  developments 
iemperature)  had  different  coeffi-  tive  assembly  is  applied,  the  DR  of  has  since  been  put  into  production. 
:ents.  There  was  some  evidence  of  the  instrument,  which  should  usually 

hange  in  characteristics  with  age.  be  close  to  zero,  will  carry  a  tolerance  ^****  Materials 

^  few  had  sinuous  characteristics,  equal  to  the  sum  of  the  tolerances  In  February,  1941,  the  Keystone 
n  general  the  small  resistors  seemed  of  the  coil  and  the  neutralizer.  Carbon  Company  announced  negative 

"  have  very  useful  properties  for  the  The  DR  of  a  coil  of  wire  is  <iR,  temperature  coefficient  resistors  with 
ipeci;  ized  work  of  instrument  com-  where  a  is  the  temperature  coefficient  coefficients  ranging  from  —0.7  tc 
>t‘ns;ttion  but  it  looked  as  if  in  order  of  resistivity,  and  R  the  resistance  — 2  percent  per  C.  The  latter  value  is 
"  apply  them  it  would  be  necessary  of  the  coil.  The  factor  i  may  be  con-  quite  high.  These  resistors  were  not 
"  measure  the  change  of  resistance  sidered  constant  throughout  the  at-  of  course,  designed  specifically  foi 
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Training  Girls  to  Make  Tube 


Proper  oral  instruction  starts  women  out  in  the  right  frame  of  mind  for  production 
equipment  needed  in  the  war  effort.  Manual  instruction  in  a  training  room  shows  up  sj 
cial  aptitudes.  Streamlined  course  cuts  training  time  from  four  weeks  to  one 


Inutriictor,  Klvrtronic  Tube  Training  Section,  Oeneral  Electric  Co.,  Schenectady,  E.  y. 
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N»w  employMt  bare  a  qet-acquaint*d  talk  with  ao  instructor 


Operating  test  sets  in  the  training  room, 
beginners  learn  to  read  meters  and 
manipulate  controls 


Training  period  assignments,  such  as 
splicing  glass  tubing,  show  up  special 
aptitudes  of  new  workers 


TO  SPEED  UP  the  process  of  traij 
ing  girls  for  electronic  tut 
manufacture,  particularly  necessi 
tated  by  the  war,  we  are  using 
special  course  for  new  employees. 

That  the  course  successfully  servij 
its  purpose  was  demonstrated  rj 
cently  when  it  was  necessary  to  sta 
another  assembly  line  with  new 
trained  workers.  The  work  involv 
both  fine  and  rough  assembly, 
the  trained  but  inexperienced  ope 
tors  were  assigned  to  the  respect 
stations  on  the  basis  of  their  pe 
formance  in  the  training  room.  Ei 
girl  made  good.  They  reached  pn 
duction  requirements  in  a  little  o 
one  week,  whereas  it  formerly 
quired  at  least  four  weeks  to  “br 
in”  unsorted,  untrained  workers 
this  work. 

Worfim*  Worker  Typos 

Most  prospective  female  employe 
now  applying  for  work  have  had 
previous  factory  experience.  Sf 
formerly  worked  as  sales  dcr 
beauty  shop  operators,  or  cler 
workers,  or  were  engaged  in  ot's 
occupations  bearing  no  relation 
factory  work.  Many  of  them 
young  girls  or  housewives  who  h 
never  been  gainfully  employe 
They  all  want  a  job,  but  very  f 
care  what  kind  of  a  job  they  get 
practically  none  know  what  kind 
work  they  can  learn  to  do.  They  h 
no  knowledge  of  factory  life. 

In  normal  times  this  type 
worker  may  be  readily  absorbed  ir 
industry.  A  foreman  would  h 
ample  time  to  instruct  her  in 
work  and  coach  her  through  the  i 
few  tough  days.  He  could  help 
adjust  herself  to  a  new  way  of  n 
ing  a  livelihood.  But  in  war  ti 
the  foreman  is  very  busy;  he  i 
many  pressing  production  proble 
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Girls  hare  cm  opportunity  to  try  all  kinds  of  work  in  the  training  room 


and  only  limited  time  to  devote  to 
individual  workers. 

Our  training  program  takes  these 
things  into  consideration  and  has 
been  carefully  planned  to  aid  both 
the  new  employee  and  the  foreman. 

It  benefits  the  new  employee  be¬ 
cause  it  equips  her  for  a  job  in  the 
factory.  It  aids  the  foreman  because 
le  receives  a  girl  whom  he  knows 
has  demonstrated  her  ability  and 
has  a  reasonable  chance  to  succeed 
in  performing  the  job  on  which  she 
will  be  placed. 

Oral  l■st^•ctioll 

There  are  two  major  phases  of 
the  training  program:  oral  instruc¬ 
tion,  and  manual  instruction.  The 
nrpi.se  of  the  oral  instruction  is  to 
impress  the  new  employees  with  the 
importance  of  their  work,  and  to 
Ip  them  get  along  with  their  fore- 
at!,  their  fellow  workers  and  their 
I  lb. 

.\fter  being  interviewed  and  ac- 
i  ted  by  the  personnel  department 
nd  general  foreman,  the  new  em- 
I'  vees  report  to  the  training  room. 
Here  they  are  met  by  the  training 
m  supervisor,  j^tse^d  as  groups 
T  'lmd  a  conference  t|^le  and  the 
't  of  three  talks  is  given. 

The  purpose  of  this  talk  is  to  re- 
ieve  first  day  nervousness  and  to 
nterest  employees  in  their  future 


work.  During  this  talk  they  are  put 
at  ease  and  are  told: 

1.  That  the  company  is  glad  to  have 
them  as  new’  employees. 

2.  That  the  purpose  of  the  training 
room  is  to  help  them  get  a  good 
start. 

3.  That  they  will  be  expected  to  ob¬ 
serve  certain  routine  in  regard  to 
time  clock  registration,  relief 
periods,  etc. 

We  have  found  that  employees  who 
have  some  knowledge  of  the  uses  of 
the  product  they  are  helping  to  make 
are  better  workers.  The  realization 
that  they  are  actually  playing  an  im¬ 
portant  part  in  winning  the  war,  par¬ 
ticularly,  acts  as  a  stimulus  to  the 
quality  and  quantity  of  their  work. 
Therefore,  another  part  of  the  first 
day  talk  is  designed  to  impress  new 
employees  with  the  importance  of 
the  job  they  are  going  to  do.  This 
is  done  by: 

1.  Showing  them  several  types  of  tubes 
and  describing  the  part  these  play 
in  sending  and  receiving  military 
messages  and  orders. 

2.  Explaining  why  every  unit  of  our 
Army  and  Navy  must  have  its  elec¬ 
tronic  “weapons”. 

3.  Stressing  the  fact  that  many  types 
of  tubes  are  secret  and  are  used  for 
secret  purposes,  and  cautioning  them 
to  say  nothing  about  their  work  out¬ 
side  of  the  factory. 

After  this  talk  they  are  taken  on  a 
tour  through  the  factory  by  an  in¬ 


structor.  They  see  tube  parts  made; 
they  see  these  parts  put  together  by 
the  assembly  line  operators ;  and  they 
see  the  assembled  parts  sealed  into 
glass  bulbs.  They  see  machines  that 
exhaust  the  air  from  the  bulbs  and 
they  see  the  tubes  being  based  and 
tested.  In  fact,  they  see  the  tubes 
grow  before  their  own  eyes  and  most 
of  them  show  considerable  interest  in 
all  the  operations. 

In  the  second  talk,  given  the  fol¬ 
lowing  day,  the  supervisor  covers  the 
following  topics: 

(A)  General  Safety  Rulen 

1.  Tells  of  the  attention  given  to 
safety  and  the  expense  to  which 
the  company  has  gone  to  make 
all  jobs  as  safe  as  possible. 

2.  Explains  that  most  accident.^: 
are  caused  by  carelessness  and 
thoughtlessness. 

3.  Reads  the  most  important  rules 
from  a  safety  booklet  issued  to 
each  new  employee  and  tells 
of  accidents  that  resulted  from 
disobeying  these  rules. 

(B)  Company  Benefit  Plans 

1.  Explains  Employees’  Mutual 
Benefit  Association. 

2.  Discusses  company  group  and 
free  insurance. 

3.  Outlines  relief  and  loan  plan. 

4.  Talks  about  Athletic  Associa¬ 
tion. 

5.  Mentions  vacations  with  pay. 

(Continued  on  page  228) 
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Retarding  Field  Oscillators 


Ability  to  produce  oscillations  up  to  5,000  Me  gives  importance  to  retarding  field  oscil¬ 
lators,  of  which  Barkhausen-Kurz  and  Gill-Morrell  oscillators  are  typical  examples,  b 
spite  of  limited  efficiency.  Microwaves  can  often  be  produced  with  ordinary  tubes 
- -  - 


ATRIODE  oscillator,  in  which  the 
grid  is  maintained  at  a  high 
positive  bias  while  that  of  the  plate 
is  at  or  near  the  cathode  potential, 
is  referred  to  as  a  positive  grid  or 
retarding  field  oscillator.  The  Bark- 
hausen  and  Gill-Morrell  oscillators 
were  the  first  oscillators  of  this  type 
to  be  described,  and  these  names  are 
still  probably  more  familiar  than  the 
term  retarding  field  oscillator.  Posi¬ 
tive  grid  oscillators  are  of  consider¬ 
able  importance  in  ultrahigh  fre¬ 
quency  applications  even  though 
limited  in  power  output  and  effi¬ 
ciency.  Provided  that  suitable  vol¬ 
tages  are  applied  to  the  electrodes, 
many  commercial  triodes  have  been 

This  material  ia  a  condensation,  by  the 
authora,  of  a  chapter  of  their  forthcoming 
book,  "Hyper  and  Ultra-High  Frequency 
Engineering."  Ita  preaentation  in  this 
form  ia  by  courteay  of  the  publiahera,  John 
Wiley  and  Sons. 


By  ROBERT  I.  SARBACHER 
aid  WILLIAM  A.  EDSON 

JlUnoi*  Institute  of  Technology 
Chicago,  III. 

found  capable  of  generating  these 
oscillations.  In  general,  tubes  with 
concentric  cylindrical  electrodes  have 
proved  to  be  the  most  satisfactory, 
although  other  electrode  configura¬ 
tions  can  also  be  used. 

This  article  presents  a  brief 
resume  of  the  operation  of  such  os¬ 
cillators.  The  mechanism  of  oscilla¬ 
tions  is  given  not  only  in  terms  of 
electric  circuit  theory  but  also  by 
means  of  a  mechanical  analogy.  Sev¬ 
eral  useful  tables  and  constants  for 
determining  the  frequency  of  oscilla¬ 
tion  in  terms  of  electrode  dimensions 
and  applied  voltages  are  also  given. 

Retarding  field  oscillators  usually 
operate  with  negligible  space  charge. 


Consequently,  the  emission  of  elec¬ 
trons  from  the  cathode  is  random 
with  respect  to  time’  and  does  not 
vary  in  synchronism  with  the  period 
of  electronic  oscillations  about  the 
grid.  Thus,  although  it  is  true  that 
electronic  oscillations  occur  in  any 
tube  in  which  the  grid  is  positive  and 
the  plate  is  negative  with  respect  to 
the  cathode,  it  is  also  true  that  no 
effect  is  produced  in  a  circuit  ex¬ 
ternal  to  the  tube  unless  the  random 
electronic  oscillations  are,  in  some 
manner,  turned  into  synchronous 
oscillations.  This  process  of  convert¬ 
ing  the  random  motion  of  electrons 
into  synchronized  oscillations  is  of 
fundamental  importance  in  the  op¬ 
eration  of  all  retarding  field  oscilla¬ 
tors.  Consequently  the  mechanism  by 
which  this  is  accomplished  will  be 
examined. 


Typical  retarding  field  tubes  for  the  production  of  ultra-short  wares.  Courtesy,  "Electriced 
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The  common  characteristic  by 
which  retarding  field  oscillators  are 
identified  is  that  electrons  oscillate 
or  vibrate  back  and  forth  through 
the  meshes  of  the  positive  grid.  The 
electric  field  present  between  the  elec¬ 
trodes  may  be  thought  of  as  the  sum 
of  the  fixed  field  determined  by  the 
battery  voltages  and  the  alternating 
field  due  to  the  voltage  of  oscillation. 
Because  the  electron  is  negatively 
charged,  it  is  forced  in  the  direction 
opposite  to  that  conventionally  as¬ 
signed  to  the  field.  Therefore  elec¬ 
trons  whose  instantaneous  velocity  is 
in  the  direction  of  the  alternating 
field  give  up  energy  to  that  field 
whereas  the  electrons  whose  veloc¬ 
ity  is  opposite  to  that  of  the  alternat¬ 
ing  field  absorb  energy.  If,  on  the 
average,  more  electrons  vibrate  in 
phase  with  the  alternating  field  than 
in  opposition  to  it,  a  new  power  out¬ 
put  will  result  which  will  support  the 
alternating  field  and  drive  an  exter¬ 
nal  load.  That  such  is  the  case  will 
be  shown  in  the  following  para¬ 
graphs. 

By  means  of  retarding  field  tubes, 
oscillations  may  be  produced  in  the 
grid  circuit,  in  the  plate  circuit,  in 
the  cathode  circuit,  or  in  the  cathode- 
plate  circuit.  The  frequency  of  oscil¬ 
lations  is  determined  by  the  transit 
time  of  flight  of  electrons  and  this  in 
turn  depends  upon  the  electrode  di¬ 
mensions  and  the  voltages  at  which 
they  are  operated.  The  operation  of 
positive  grid  tubes  is  most  easily  ex¬ 
plained  in  terms  of  a  parallel  plane 
structure.  The  operation  of  the  more 
practical  cylindrical  structure  differs 
only  in  numerical  details.  The  coeffi¬ 
cients  applicable  to  both  structures 
are  presented  in  the  table. 

Otciligtieat  in  th*  Grid  Circuit 

One  of  the  most  common  types  of 

I  operation  for  retarding  field  oscilla¬ 
tors  is  that  in  which  oscillations  oc¬ 
cur  in  the  grid  circuit.  To  determine 
the  behavior  of  such  operation,  con- 
ider  a  tube  with  plane  electrodes,  as 
shewn  in  Fig.  1.  The  grid-anode  dis- 
taia  is  d,  and  the  grid-cathode  dis¬ 
tant  is  dt.  With  respect  to  the  grid 
reference  point,  the  cathode  and 
anode  voltages  are  and  F.  volts, 
tively.  It  will  be  assumed  that 
and  d»  are  equal.  Initially  it  will 
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FREQUENCIES  AND  WAVELENGTHS  GENERATED 
BY  RETARDING  FIELD  OSCILLATORS 


Wavelength,  in  meters, 
Eissociated  with  oscil¬ 
lations  in  anode  circuit  X. 
or  in  grid  circuit  if 
X»  -  X. 


Plane  Structure  * 


Cylindrical  Structure 


=  2000  dA\^/V. 


X.  =  2000r,G(y)/F*H 


Wavelength,  in  meters, 
associated  with  oscil¬ 
lations  in  cathode  circuit 
or  in  grid  circuit  if 
X.  =  X* 


X*  =  2000d,/ 

I 


X*  =  2000  r,F(x)/F*H 


W’avelength,  in  meters, 
associated  with  oscil¬ 
lations  in  the  cathode- 
anode  circuit 


X, 


=  2000 


V.d,  -H  Vkd. 

v.vv: 


X.  =  2000  r,lG(y)  -h  F(x)l/F*H 


Frequency,  in  Me,  assoc¬ 
iated  with  oscillations 
in  anode  circuit  or  in 
grid  circuit  if  Xi  =  X. 
Frequency,  in  Me,  assoc¬ 
iated  with  oscillations 
in  cathode  circuit  or  in 
grid  circuit  if  X.  =  X» 


/.  =  0.15  V., 

=  0.15V. 


Frequency,  in  Me,  assoc¬ 
iated  with  oscillations 
in  cathode-anode  circuit 


/. 


0.15 


V.v^V. 
V.d.  -H 


f.  =  0.15V.^/r/;(y) 

/.  =  0.15V.«/r.F(x) 
V.H 

^  -t-  F(x)l 


V t  repreaeDts  grid-cathoda  potential  in  volta  d,  repreaenta  grid-anode  distance  in  meters 

V.  repreaenta  grid-anode  potential  in  volta  r,  repreaenta  radius  of  grid  in  meters 

dk  represents  grid-catbode  distance  in  meters  c(r)  and  GO')  are  given  in  Fig.  4 


also  be  assumed  that  no  potential  dif¬ 
ference,  alternating  or  direct,  exists 
between  anode  and  cathode.  This 
condition  requires  that  V,  =  V..  Let 
us  now  assume  that  an  alternating 
voltage  of  perhaps  a  few  volts  is  im¬ 
pressed  upon  the  grid  (with  respect 
to  anode  and  cathode)  and  that  the 
frequency  is  such  that  one  full  cycle 
is  described  in  the  time  required  for 
an  electron  to  travel  from  cathode  to 
anode. 

Consider  an  electron  which  leaves 
the  cathode  when  the  alternating 
component  of  the  grid  voltage  is  zero 
and  is  changing  in  the  positive  direc¬ 
tion.  During  the  entire  time  that  the 
electron  is  traveling  from  cathode  to 
grid  the  accelerating  field  is  stronger 
than  normal  so  that  the  electron  ar¬ 
rives  at  the  grid  with  a  velocity 
higher  than  that  corresponding  to 
the  steady  voltage  V».  Assuming  that 
the  electron  does  not  strike  a  grid 
wire,  it  proceeds  into  the  retarding 
field  of  the  grid-anode  space.  At  the 
same  time  the  grid  voltage  reverses 


so  that  the  retarding  field  is  now  of 
less  than  normal  intensity.  As  a  re¬ 
sult  the  electron  will  not  come  to  rest 
before  reaching  the  plate  but  will 
strike  the  plate  with  some  velocity 
corresponding  to  the  alternating 
voltage  applied  to  the  grid.  Evi¬ 
dently  this  energy,  which  was  sup¬ 
plied  by  the  alternating  voltage,  is 
dissipated  as  heat.  This  electron  has 
then  absorbed  power  from  the  ap¬ 
plied  voltage. 

Now  consider  an  electron  which 
leaves  the  cathode  one-half  cycle  later. 
Because  the  accelerating  field  is 
weaker  than  normal,  it  arrives  at  the 
grid  with  less  energy  than  that  corre¬ 
sponding  to  V*.  Again  the  alternat¬ 
ing  voltage  reverses  as  the  electron 
passes  through  the  grid  plane,  so 
that  the  retarding  field  is  stronger 
than  normal  during  the  transit  to¬ 
ward  the  plate.  The  electron  is  then 
brought  to  rest  somewhat  in  front  of 
the  plate  and  returns  once  more  to¬ 
ward  the  grid.  Again,  however,  the 
voltage  has  reversed,  so  that  the  field 
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S  —  Configurotion  of  electrodos  of 
-al  grid  rotarding  iiold  oscillator 


'~To  load  cT^cui-f- - >.^ 


t— Splrol  grid  oscillator  tubs  with  di- 
i  plots.  For  clority  In  Illustrating  con- 
:  )n,  ths  spacing  bstwssn  plots  ssc- 
tions  is  sxoggsratsd 


the  marble  reverses  and  the  velocity 
with  which  it  again  reaches  the  bot¬ 
tom  is  still  further  reduced.  This 
marble  oscillates  back  and  forth  in 
the  system,  losing  more  and  more 
energy  with  each  cycle.  It  ultimately 
is  lost  through  a  hole  in  the  flexible 
section. 

The  similarity  of  this  device  to  the 
electronic  one  just  described  is  very 
great.  Marbles  or  electrons  which 
enter  the  system  at  times  of  unfavor¬ 
able  phase  are  ejected  after  one  full 
transit.  Marbles  or  electrons  which 
enter  the  system  at  times  of  favor¬ 
able  phase  gives  up  energy  to  the 
system  and  remain  for  several  cycles 
of  oscillation.  Since  the  marbles  are 
discharged  at  a  uniform  rate,  as 
many  electrons  or  marbles  enter  in 
favorable  as  in  unfavorable  phase, 
and  the  power  contributed  by  those 
in  favorable  phase  outweighs  that 
absorbed  by  those  of  unfavorable 
phase. 

Phase  Selection 

Both  the  positive-grid  oscillator 
and  the  mechanical  model  just  de¬ 
scribed  display  an  effect  known  as 
phase  selection.  It  is  most  easily 
visualized  in  terms  of  the  mechani¬ 
cal  model.  In  their  initial  movement 
marbles  require  some  definite  time  to 
roll  froir^one  edge  of  the  mechanism 
to  the  other.  Marbles  of  favorable 
phase  give  up  energy  to  the  system 
and  roll  through  successively  shorter 
distances.  In  this  device  the  time 
required  for  one  full  oscillation  de¬ 
creases  as  the  distance  traveled  de¬ 


fer  anode)  and  are  of  quite  high 
frequency.  It  is  clear,  in  reviewing 
the  performance,  that  the  success  of 
the  arrangement  depends  upon  the 
fact  that  cathode  and  anode  are  at 
the  same  potential  and  that  the 
transit  times  from  grid  to  cathode 
and  from  grid  to  anode  are  equal. 
Serious  failure  of  the  equality  of 
transit  times  is  fatal  to  this  mode  of 
oscillation  since  the  impulses  cannot 
become  synchronized.  Equality  of 
plate  and  cathode  voltage,  although 
very  desirable,  is  not  essential  since 
the  amplitude  selection  mentioned 
before  can  take  place  at  the  cathode 
after  one  full  cycle  of  electron  oscil¬ 
lation.  Electrons  which  leave  the 
cathode  in  unfavorable  phase  are  ac¬ 
celerated  during  one  full  excursion 
from  cathode  to  plate  and  back,  and 
are  then  lost  at  the  cathode.  Elec¬ 
trons  which  leave  the  cathode  in 
favorable  phase  continue  in  their 
oscillation,  as  shown  above,  until 
they  strike  a  grid  wire  and  are  lost. 

It  may  be  shown  that  the  grid- 
cathode  and  grid-anode  transit  times 
are  equal  in  the  parallel  plane  case 
if  da/V,  =  Many  experiment¬ 

ers  have  reported  strong  oscillations 
with  large  negative  plate  voltages, 
probably  in  fulfillment  of  this  condi¬ 
tion.  Such  oscillations  exist  provided 
only  that  some  impedance  is  present 
in  the  grid  lead  to  cause  a  voltage 
drop  and  that  the  transit  times  are 
suitable.  Power  is  delivered  to  the 
external  circuit  of  an  appropriate 
resistive  load  such  as  a  tuned  cir¬ 
cuit. 


t  her  trough  or  by  falling  through 
hole  in  the  flexible  section. 

A  marble  which  emerges  from  the 
:per  when  the  system  is  as  shown 
:>  the  solid  lines,  and  when  the  edges 
re  rising,  rolls  down  an  incline  that 
'  always  steeper  than  normal.  Dur- 
?  the  time  that  it  crosses  the  flex- 
"e  section  the  displacement  is  re- 
ised  and  the  marble  finds  the  sec- 
d  incline  less  steep  than  normal, 
t  is  thus  able  to  roll  over  the  edge 
§"d  escape  to  the  plate  catcher. 

A  marble  which  enters  the  system 
if  a  cycle  later  finds  its  original 
line  always  less  steep  than  nor- 
and  arrives  at  the  flexible  sec- 
n  with  a  velocity  below  normal. 

second  incline  is  now  steeper 
Tn  normal  and  the  marble  is  thus 
to  reach  the  far  edge.  The 
I'rlai  ment  of  the  system  from 
f  ormal  again  passes  through  zero  as 
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creases.  Therefore  an  operating  fre¬ 
quency  which  corresponds  to  the  time 
required  for  the  first  oscillation  is 
too  low  for  later  oscillations. 

The  operation  of  the  positive-grid 
tube  is  affected  in  the  same  way. 
The  actual  generated  frequency  is  a 
compromise  corresponding  to  some 
intermediate  amplitude  of  electron 
motion.  Electrons  which  remain  in 
the  system  for  several  complete 
cycles  tend  to  advance  from  favor¬ 
able  to  unfavorable  phase.  The  low 
efficiency  characteristic  of  positive- 
grid  oscillators  is  due  largely  to  the 
effects  of  phase  selection. 

Raviaw  of  Oseillafions  in  Grid  Circuit 

It  has  been  shown  that  oscillations 
can  exist  in  a  plane  parallel  triode 
having  equal  electrode  spacings  and 
no  cathode-anode  voltage.  The  oscil¬ 
lations  appear  from  grid  to  cathode 


Oscillations  in  the  Platc-Catlioda  Circuit 

A  different  sort  of  oscillation  re¬ 
sults  if  the  load  is  applied  between 
cathode  and  plate  as  shown  in  Fig. 
3.  An  electron  moving  from  the 
cathode  toward  the  plate  constitutes 
an  elementary  electric  current  whose 
direction  is  opposite  to  the  motion 
because  of  our  convention  as  to  cur¬ 
rent  flow.  Evidently  the  motion 
•from  cathode  toward  the  plate 
causes  the  plate  to  become  mo¬ 
mentarily  negative  and  the  cathode 
positive  with  respect  to  the  bias 
values. 

The  operation  of  this  circuit  is 
similar  to  that  of  Fig.  1.  It  is  most 
conveniently  explained  by  assuming 
a  voltage  to  be  introduced  by  an 
external  generator  of  appropriate 
frequency.  It  is  then  shown  that 
(Covfitiued  on  page  232) 
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Electronic  Exciter 


FIG.  1 — Circuit  diagram  of  on  oloctronic  Toltag*  rogulator  which  also  rsplaces  the 
exciter  on  small  and  medium-sixe  a-c  generators 


The  rapid  expansion  of  the  manu¬ 
facture  and  sale  of  small  com¬ 
mercial  diesel  engine-driven  generat¬ 
ing  sets  for  private  commercial 
power  supplies  just  prior  to  the  out¬ 
break  of  the  war  points  the  way  to 
a  much  more  intensive  invasion  of 
the  power-generating  field  by  such 
sets  as  soon  as  victory  is  achieved 
and  materials  are  again  obtainable. 

Motor-generator  sets  which  deliver 
an  alternating  voltage  normally  re¬ 
quire  a  d-c  exciter  and  a  voltage 
regulator.  High  speed  of  response 
to  load  changes  is  one  of  the  primary 
requirements  for  a  regulator  for 
these  sets,  due  to  the  comparatively 
large  fluctuations  in  load  when 
motors  are  started.  A  suitable  volt¬ 
age  regulator  has  been  described  on 
page  104  of  the  April  1943  issue  of 
Electronics  and  will  be  referred  to 
in  this  description. 

Further  research  into  the  problem, 
conducted  at  the  University  of  Den¬ 
ver,  has  led  to  the  development  of  a 
regulator  which  also  replaces  the  ex¬ 
citer.  Since  the  total  cost  for  this 
apparatus  is  very  little  more  than 
for  the  regulator  alone,  a  distinct 
savings  will  be  realized  due  to  elimi¬ 
nation  of  the  exciter.  Further  ad¬ 


vantages  lie  in  the  more  rapid  re¬ 
sponse  to  load  changes  and  in  the 
elimination  of  brush  and,  V-belt 
maintenance  on  the  exciter. 

DateriptioR  of  CircRit 

Referring  to  Fig.  1,  it  will  be  seen 
that  the  circuit  is  essentially  the  same 
as  for  the  voltage  regulator  previ¬ 
ously  described,  except  that  the  regu¬ 
lator  feeds  directly  into  the  field  of 
the  alternator.  The  development 
work  was  done  on  a  5-kva,  three- 
phase,  220-volt,  1800-rpm  machine. 

The  primary  of  the  transformer  is 
designed  for  the  rated  output  volt¬ 
age  of  the  alternator.  Secondary  No. 
1  of  this  transformer  supplies  the 
proper  voltage  for  heating  the  fila¬ 
ments  of  the  three  tubes,  namely  15 
amp  at  2.5  volts.  Secondary  No.  2 
is  wound  for  120  volts  and  supplies 
the  bridge  control  circuit  RMiRJi*. 
Ri  and  Rt  are  two  75- watt,  115- volt 
Mazda  lamps,  and  Rj  and  Rt  are  two 
120- watt,  115-volt  carbon  filament 
lamps.  This  bridge  balances  at  about 
109  volts,  but  operates  in  the  neigh¬ 
borhood  of  112  volts  with  negative 
grid-control  tubes,  so  that  the  out¬ 
put  from  it  to  the  2-fif  paper  grid 
capacitor  and  grid  is  sufficient  to  con¬ 


trol  the  tube.  In  order  to  be  abli 
to  adjust  the  voltage  of  the  a-c  gen 
erator  between  limits,  a  variable  re 
sistance  R  rated  at  about  25  ohm 
and  25  watts  is  used. 

Secondary  No.  3  is  500  volts  center 
tapped.  The  grid  control  tube  is  ai 
FG-17  thyratron.  The  two  type  86( 
rectifier  tubes  employ  50-ohm,  10 
watt  resistors  to  divide  the  loac 
between  them. 

Sterog*  latHry  Uttd  for  Storfinq 

In  order  to  allow  the  machine  t( 
build  up  in  voltage  when  started,  i 
rotary  reversing  switch  mounted  or 
the  shaft  of  the  alternator  is  used  ii 
conjunction  with  a  6- volt  batterj 
and  secondary  No.  4.  The  secondan 
is  14  turns  of  No.  12  wire,  center 
tapped. 

A  development  of  the  reversin' 
switch  is  shown  in  Fig.  2.  Thi 
switch  is  made  up  of  two  slip  ring; 
with  alternate  interleaved  segment; 
forming  an  elementary  commutator 
li  in.  in  diameter  and  2  in.  long 
Ford  starter  brushes  are  used.  Th( 
brushes  are  normally  held  off  th( 
commutator  by  a  spring  mechanism 
and  are  lowered  in  contact  with  th( 
commutator  only  when  solenoid  A  v. 
energized  by  the  ignition  sw’itch  c 
the  engine  upon  starting. 

Three  relays  are  used,  labeled  B 
C,  and  D.^  Relay  B  prevents  the  plati 
voltage  from  being  applied  to  thi 
tubes  until  the  heater  has  cause; 
the  bimetallic  strip  to  energize  tlii 
operating  coil  of  relay  B  from  tlii 
6-volt  battery,  thus  giving  a  heatirs 
time  of  20  seconds  for  the  tube 
ments.  Relay  C  is  energized  from  thi 
6-volt  battery  when  the  ignitiot 
switch  is  closed.  Relay  D  opens  it 
contact  when  its  coil  is  at  about  2 
percent  of  rated  voltage.  This  a 
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for  A-C  Generators 

all-electronic  combination  voltage  regulator  and  exciter  for  small  engine-driven  a-c 
rencrators,  worthy  of  consideration  as  a  packaged  item  for  post-war  manufacture 
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ows  relay  C  to  de-energize  and  open 
ts  top  contacts,  closing  its  bottom 
iontacts. 

To  start  the  machine,  the  ignition 
■witch  is  closed  and  the  filament  volt- 
ige  adjusted  to  2.5  volts  by  means 
if  the  series  rheostat.  The  engine 
IS  then  started.  When  the  thermal 
aelay  closes  after  the  20-se*:ond  in- 
lerval  required  to  heat  the  filaments, 
iolenoid  A  is  energized,  lowering  the 

Rrushes  on  the  commutator.  Second- 
iry  No.  4  is  then  energized  on  first 
jne  half  and  then  the  other  by  the 
:ommutator-type  reversing  switch. 

BThis  causes  the  generator  to  build  up 
in  voltage. 

When  about  25-percent  voltage 
s  reached,  relay  D  picks  up  and  re- 
tases  relay  C,  whose  top  contacts 
Lien  and  bottom  contacts  close.  This 
enerjrizes  the  transformer  primary 
irom  the  generator,  and  also  de-en- 
tryizes  solenoid  A  and  raises  the 
)rLi3hes  on.  the  rotary  switch.  The 
■merits  are  also  transferred  from 
he  battery  to  secondary  No.  1.  All 
his  is  accomplished  in  a  little  less 
nan  two  seconds  after;  the  ►thermal 
■  lay  on  relay  B  trips.  The  genera¬ 
tor  immediately  builds  up  in  voltage 
io  the  value  for  which  rheostat  R 
s  adjusted,  and  remains  constant. 


The  rate  of  response  is  extremely 
rapid,  and  the  circuit  is  very  stable. 
No  elaborate  anti-hunting  device  is 
needed.  Hunting  is  prevented  by 
proper  adjustment  of  R„  which  for 
the  machine  used  was  500  ohms.  The 
wave  form  of  the  generator  is  not 
changed  by  the  use  of  this  type  of 
excitation,  as  was  verified  by  oscillo¬ 
graphic  tests. 

Performance  Curve 

The  voltage  curve  for  a  100  per¬ 
cent  power  factor  three-phase  load 
test  on  the  generator  is  given  in  Fig. 
3.  It  will  be  seen  that  the  voltage 
rises  slightly  with  increased  load. 
This  can  be  explained  as  follows: 
When  the  generator  is  loaded,  more 
current  is  required  by  the  field,  and 
therefore  more  load  is  imposed  on 
secondary  No.  3.  This  results  in  a 
decrease  in  the  induced  voltage  of 
secondary  No.  2,  due  to  the  regula¬ 
tion  of  the  transformer.^  But  the 
bridge  circuit  regulates .  to  a  con¬ 
stant  voltage  on  secondary  No.  2; 
and  therefore  the  primary  voltage 
must  rise  to  compensate  for  the 
transformer  regulation.  In  most 
cases,  such  a  rising  voltage  with  in¬ 
creased  load  is  .desirable.  If  not,  a 
separate  small  transformer  can  be 


used  to  supply  the  bridge  circuit. 

Building  up  from  Residual  Voltage 

This  regulator  and  alternator  can 
be  caused  to  build  up  from  residual 
voltage  (without  using  a  6-volt  stor¬ 
age  battery)  by  either  of  the  two 
methods  to  be  described  later, 
but  it  is  not  thought  that  these 
methods  are  commercially  practical, 
for  two  reasons.  One  is  that  on 
short  circuit  the  residual  flux  can 
be  destroyed,  and  the  other  is  that 
the  auxiliary  equipment  and  relays 
required  complicate  the  circuit  un¬ 
duly.  Most  engine-driven  generat¬ 
ing  sets  are  equipped  with  storage 
batteries  for  starting  the  engine,  so 
that  there  is  no  additional  invest¬ 
ment  or  maintenance  involved  in  us¬ 
ing  the  battery  as  a  means  of  start¬ 
ing  the  generator.  The  use  of  the 
battery  also  allows  the  circuit  to  re¬ 
main  operative  under  short-circuit 
conditions  so  that  fuses,  circuit 
breakers,  and  other  protective  equip¬ 
ment  can  operate. 

If  a  short  should  occur  on  the 
generator,  the  voltage  supply  to  the 
transformer  is  reduced  to  zero,  the 
relays  immediately  throw  over  to  the 
battery  side,  and  the  brushes  are 
lowered  on  the  commutator.  The 


i'.SFIG.  2  Devalopmant  of  tha  alamantary  commutator  usad  to  opply 
2flbattary  voltaga  oltamataly  to  tha  two  halvas  of  sacondary  No. 
.  Io  maka  tha  altamator  build  up  its  voltaga  whan  started 
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FIG.  3 — Voriation  of  output  voltage  with  load  for  a  resistance 
load.  Tha  slight  rise  in  voltaga  with  load  is  due  to  tha  drop  in 
bridge  voltage  whan  tha  transformer  furnishes  more  field  currant 


1  E<  TRONICS  —  August  1943 


113 


Gen¬ 

erator 

•fielol 


Vottagfe 
senstHy^e  > 


Gen¬ 

erator: 

fieM' 

rheo¬ 

stat 


'Generator 

field 

rheostat 


FIS.  5 — Method  of  u^g  six  cold-cathod*  ractUiar  tubas  to  main 
tha  altarnotor  build  up  its  Toltaga  from  rasidual  flux 


FIG.  4 — Mathod  of  using  copper-oxida  rectiiiars  to  inaka  the  al¬ 
tarnotor  build  up  its  Toltage  from  residual  flxix  without  a  battery 


machine  will  function  under  excita-  age  supplied  from  the  transformer, 
tion  from  the  battery  circuit  until  By  proper  choice  of  the  secondary 
the  short  is  cleared,  when  the  volt-  supply  voltage,  the  size  of  grid-con- 
age  will  again  build  up  to  normal  and  trolled  tube  can  be  kept  down  within 
close  the  relays  to  the  a-c  side.  the  lower  price  range  and  a  major 

part  of  the  current  can  be  carried 
Effaet  of  Load  Changes  on  Tube  Ontpnts  non-controlled  rectifiers,  for 

The  division  of  current  between  which  the  replacement  cost  is  com- 
the  grid  control  tube  and  the  non-  paratively  low.  Using  350  to  400 
controlled  rectifiers  depends  upon  the  volts  rms  on  each  side  of  the  center 
voltage  drop  in  the  field  and  upon  the  tap  for  the  25-kva  generator  men- 
voltage  of  the  transformer  plate  tioned  above,  the  grid-controlled 
supply  (secondary  No.  3).  For  ex-  tube  would  carry  current  about  one- 
ample,  if  the  voltage  of  the  supply  fifth  of  the  time,  or  an  average  of  2 
transformer  is  125  volts  on  either  amperes,  while  the  non-controlled 
side  of  center  tap,  and  the  field  tubes  would  carry  the  other  16 


citer  for  this  size  generator,  ratei 
at  1200  rpm,  cost  $150.  Ekctronii 
excitation  thus  gives  substantial!] 
lower  first  cost  along  with  muc! 
more  rapid  response  characteristics 
and  should  receive  serious  considera 
tion  by  the  various  manufacturers  o 
small  generating  sets  when  peace 
time  markets  are  again  available. 

Two  possible  methods  for  self-ex 
citation  of  a-c  generators  from  thei; 
residual  fiux  will  be  described. 


non-controlled  tubes.  The  average  soon  as  the  generator  starts  to  buili 
capacity  of  an  FG-57  is  2.5  amperes,  up.  The  voltage-sensitive  rela] 
while  the  maximum  is  15  amperes,  maintains  the  voltage  fairly  con 
both  values  being  larger  than  the  stant  at  10  to  25  percent  of  ratei 
actual  load  on  the  tube.  value  while  the  mercury  vapor  rec 

Special  field  coils  designed  for  tifier  tubes  warm  up.  The  necessarj 
operation  at  500  volts  would  allow  relays  for  changing  over  to  the  regu 
excitation  of  a  generator  five  times  lator  are  not  shown. 

Experiments  have  shown  that  thi 
transformer  must  be  carefully  pro 


With  standard  generators  de-  ing,  using  the  same  size  tube, 
signed  for  125-volt  nominal  d-c  exci-  sulation  difficulties  at  500  volts  are  portioned  so  as  to  obtain  a  maximun 
tation,  the  field  requirements  usually  not  too  great,  although  it  has  been  of  output  with  a  minimum  of  excit 
lie  between  4  and  6  percent  for  found  by  experience  that  high  surges  ing  current  at  the  low  residual  volt 
small  machines  and  2  to  3  percent  for  are  sometimes  present  in  rectifier  age.  Any  appreciable  exciting  cur 
machines  of  100  kva  or  thereabouts,  circuits,  so  that  better  field  insula-  rent  drawn  by  the  transformer  fron 
This  is  usually  at  100  volts  applied  tion  would  be  required  for  this  type  a  relatively  small  generator  will  re 
to  the  field.  With  the  standard  125-  of  supply  than  for  a  field  excited  suit  in  a  reduction  of  the  residua 
volt  d-c  field  winding,  the  current  for  by  a  d-c  generator.  flux  to  such  a  low  value  that  the  gen 

a  25-kva  machine  would  then  be  _  .  _  erator  refuses  to  build  up,  due  to  tb 

about  10  amperes,  assuming  4  per¬ 
cent  field  loss.  The  cost  of  such  a  regulator-exciter  tion  curve  near  the  origin.  Thre^ 

The  division  of  current  between  as  has  been  described,  not  including  phase  rectification  is  not  necessar] 
the  grid-controlled  tube  and  the  the  battery,  for  a  25-kva  machine  with  copper-oxide  rectifiers,  but  i! 
straight  rectifier  tubes  depends  upon  with  125-volt  field  is  less  than  $125.  desirable  in  order  to  insure  buildini 
the  voltage  required  for  the  field  Prior,  to  the  war,  a  reasonably  good  up  from  a  low  residual  flux, 
and  upon  the  secondary  plate  volt-  regulator  cost  about  $100  and  an  ex-  (Continued  on  page  261) 
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Iron-core  Components 
In  Pulse  Amplifiers 


A  discussion  of  the  rate  of  voltage 
change  in  the  “leading  edge,”  “flat 
top”  and  “trailing  edge”  portions  of 
square-wave  or  flat-top  pulses  when 
impressed  on  iron-core  reactors 


Radio  Enffineering  Jh-partmvnt , 

Wrutinghoute  Electric  d  Alnnujuvtiiring  Co, 
Bnltimorv,  Md. 


^  QUARE  or  flat-topped  pulses  of 
J  steep  wavefront  have  come  into 
•msiderable  use  of  recent  years,  par- 
icularly  in  television  and  allied  tech- 
iques.  They  may  be  impressed  on 
ron-cored  transformers  by  a  vacuum 


Fiq.  3  —  Influence 
of  transformer  con¬ 
stants  on  front  edge 
of  pulse 


waves,  are  not  given,  in  the  interest 
of  economy  of  space.  All  the  essen¬ 
tial  data  necessary  for  one  to  under¬ 
stand  these  rates-of-voltage  change 
are  given,  however. 

The  pulse  itself  is  given  in  Fig.  1 
and  a  generalized  circuit  for  the 
amplifier  is  given  in  Fig.  2A  with 
the  equivalent  so  far  as  the  trans¬ 
former  is  concerned  in  Fig.  2B. 

During  the  front  edge  period  when 
the  pulse  voltage  e  is  rising  abruptly 
to  its  final  value  £7,  the  transformer 
open-circuit  inductance  presents 
practically  infinite  impedance  to  the 
voltage  change  and  is  omitted  in 
Fig.  2B.  The  leakage  inductance, 
however,  has  considerable  infiuence 
on  the  wave  shape  and  appears  as  L. 
Other  quantities  are  defined  on  the 
figure.  Quantities  in  the  secondary 
circuit  are  all  referred  to  the  pri¬ 
mary  by  multiplying  them  by 
(Nr/Ng)*  or,  if  it  were  more  con¬ 
venient  to  treat  the  transformer  en¬ 
tirely  from  the  secondary,  the  pri¬ 
mary  quantities  would  be  referred 


tube,  a  transmission  line,  or  even  a 
battery  and  a  switch. 

The  analysis  to  follow  discusses 
the  rate  of  rise  of  the  front  edge, 
the  extent  of  the  flat  top  and  the  rate 
of  decay  of  the  trailing  edge  as  func¬ 
tions  of  circuit  constants.  The  mathe¬ 
matical  expressions  for  these  por¬ 
tions  of  the  wave,  which  describe  the 
transient  conditions  producing  these 


^  Fig.  1 — Squar*-top  pulse  to  be  studied 


>9.  2-  Pulse  omplilier  and  equivalent  circuit  L  is  transioimer  leakage  inductance, 
t  is  the  source  resistance,  Rj  is  the  lood  resistance.  Ct  and  Ci  are  primary  and  sec¬ 
ondary  winding  capacitances 
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If  the  circuit  is  far  removed  from  o 
cillation,  the  rise  is  very  slow,  if 
circuit  is  damped  very  little,  the  o 
cillation  may  reach  a  maximum  ir, 
tial  value  of  two  times  the  sttadi 
state  voltage  E  and  often  such  mark, 
peaks  would  be  objectionable, 
values  for  k  given  on  the  curve  a; 
pear  to  be  those  which  fall  within  tl 
most  practicable  range. 


CoHditions 


Influence  oi  tranaiormer  open-circuit  inductance  on  ilat-top  portion  oi  pulse. 
The  inductance  in  this  case  is  in  microhenrys 


to  that  side  by  a  reciprocal  multiply¬ 
ing  factor. 

Since  there  are  two  capacity  terms 
C,  and  C,  then  for  any  considerable 
deviation  of  the  transformer  turns- 
ratio  from  unity,  one  or  the  other  of 
these  capacitances  will  become  pre¬ 
ponderant.  Turns-ratio  and  therefore 
voltage-ratio  affect  these  capaci¬ 
tances  in  such  a  way  that  for  a  step- 
up  transformer,  Ci  may  be  neglected 
and  for  a  step-down  transformer,  C, 
may  be  neglected.  The  discussion 
here  will  be  confined  to  the  step-up 
case,  although  the  step-down  and  the 
1  to  1  ratio  cases  are  not  markedly 
different. 


"'-pfic  1  I 

E  '“Flat  top"  Vo! ft  acrost  L 

L  »  Pri.  D.  C.  inductance 
R  *  *  Load  resistance 
C  =  X  Eifuie.  capacity  — 


Front-edge  Conditions 

When  the  front  of  the  wave  is  im¬ 
pressed  suddenly  on  the  step-up 
transformer.  Fig.  3,  as  by  closing  a 
switch,  the  initial  voltage  e  and  cur¬ 
rent  entering  from  the  battery  are 
zero.  The  rate  at  which  the  voltage 
rises  is  given  in  Fig.  3.  The  final 

indicates  that  the 


amplifier  will  be  more  efficient  the 
smaller  Ri  is.  In  Fig.  3,  Ri  is  consid¬ 
ered  negligibly  small.  If  the  value 
E  for  the  top  of  the  pulse  is  multi- 

plied  by  - — the  curves  are  rea- 
Hi  +  Ri 

sonably  accurate.  Note  that  the  ab¬ 
scissas  are  not  time  but  percentage 
of  the  time  constant  of  the  trans¬ 
former. 

The  rate  of  voltage  rise  is  gov¬ 
erned  by  the  leakage  inductance  L, 
the  secondary  capacitance  C,  and 
markedly  by  another  factor,  k,  which 
is  the  product  of  the  decrement  and 
the  angular  velocity  of  an  oscillatory 
circuit,  but  which  has  the  same  form 
for  a  circuit  which  is  not  oscillatory. 
Other  things  remaining  equal,  the 
greater  the  transformer  leakage  in¬ 
ductance  and  distributed  capacitance. 


02  M  .  0.0 01  ■  IjO 

Timt  E»pr**8«l  ot'o  Fraction  of  "fimo  Cot»#taV0  T 


Fig.  5 — Effect  of  transformer  constants  on  trailing-edge  of  pulse 
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Fiq.  6  —  (UH)  — 
Actual  pulte  deliv¬ 
ered  by  typical 
cate  treated  in  text 


Fig.  7  —  (below)  — 
Typical  tow-looth 
pulse  and  circuit 
analysed  in  text 


L  “  Reachr  Inducfance. 
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V(df.  across  roachr  • 
Initial  curreni  through  r factor 
Reachr  hsi  ecfuivaknt  resistance 
*>  ellstributeci  capacitance 


Time  Expressed  ca  a  Fraction  of  Timt  ConatantT 


Iq.  8 — Circuit  lor  developing  high  voltages  by  interrupting 
'  ,  current  through  a  reactor 


Fig.  9 — Curves  of  voltage  rise  across  a  reactor 


leiitt  circuit  during  this  time  is 
shown  in  Fig.  4.  Since  the  rate 
of  voltage  change  is  relatively 
small  during  this  period,  Ci  and  C* 
tii>appear  from  the  picture.  Since  the 
leakage  inductance  is  usually  small 
compared  to  the  open-circuit  induc¬ 
tance.  it  is  neglected.  When  the  cir¬ 
cuit  (Fig.  4)  is  first  closed,  the  e 
is  assumed  to  be  at  the  steady  value 
E,  which  is  strictly  true  only  when  Fig.  4  is  suddenly  opened.  The  cir-  of  k,  and 
R  is  negligibly  small.  Therefore,  the  cuit  now  becomes  that  of  Fig.  5,  in  values  of  k 
curves  for  the  top  of  the  wave  need  which  L  is  the  open  circuit  indue-  than  do  the 
to  be  corrected  the  same  as  those  for  tance.  Secondary  capacitance  (C),  is  with  referei 
the  front  of  the  wave,  in  that  c  again  present  to  an  appreciable  ex-  T. 
should  be  multiplied  by  the  ratio  tent.  It  will  be  assumed  that  the  cur-  This  does 
R.  Several  curves  are  given,  rent  through  L  has  not  increased  to  wave  will 

repre  enting  several  types  of  pulse  an  appreciable  amount,  and  therefore  time,  but 
amplifiers  ranging  from  a  pentode  the  flat  top  wave  was  practically  un-  the  time 
where  the  source  resistance  is  very  impaired  at  instant  b ;  but  if  this  is  termined 
^!?h  (Rt  is  1/lOth  of  i?,),  to  an  am-  true,  it  is  the  same  as  saying  that  tance  and  cj 
plifit  r  whose  load  resistance  is  in-  there  is  no  initial  current  in  indue-  however,  th 
finity  or  whose  output  power  is  zero,  tance  L,  so  when  the  switch  is  open,  ing  edge  cai 
In  the  latter  case,  e  need  not  be  mul-  C,  supplies  all  the  load  current  mo-  limits,  pro 
tiplied  by  any  ratio  of  resistances;  mentarily.  This  is  the  basis  upon  capacitance 
its  final  value  is  the  same  as  that  of  which  Fig.  5  is  drawn.  The  time  enough.  Th 
the  battery.  All  the  curves  are  ex-  constant  is  now  determined  by  the  tion  of  this 
P  nential,  having  a  common  point  at  open-circuit  inductance  L  and  capac-  of  first  im 
1.  The  abscissas  are  not  time,  but  ity  C  rather  than  by  leakage  indue-  ment  and  “ 

•  ^  the  product  of  time  and  ratio  tance  and  capacity  C,  as  was  the  case  {Coni 


'Trailing-edge'*  Conditions 
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RADIO  and  RADAS 


ConTaniantly  hvld  b«tw0«n  th«  kncM  b«- 
cauu  of  its  "hour-qlou"  figure,  and 
cranked  like  on  old-fashioned  coffee-mill 
to  genercrte  power,  this  Bendiz  transmitter 
designed  with  the  help  of  the  Signol 
Corps  emd  Wright  Field  automatically 
transmits  a  coded  call  for  help  from  U.  S. 
Army  airmen  forced  down  at  sea.  It  op¬ 
erates  in  the  500  kc  "SOS"  bond  where, 
under  orerage  conditions,  it  covers  a  100.- 
000  squore-mile  area 


Bescue-roft  transmitter,  with  complete  com¬ 
plement  of  occessories  including  the  bog 
in  which  it  is  packed,  weighs  33  lb  and 
floats  nicely  if  it  is  necessary  to  toss  it 
from  a  plane  and  pick  it  up  later.  An 
antenna  wire,  normally  nested  on  a  reel 
in  a  front-panel  compartment,  is  carried  up 
os  high  os  300  ft.  by  a  S-ft.  hydrogen  bal¬ 
loon  in  calm  weather  and  a  box-kite  when 
the  wind  is  blowing 
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tranunitteri  undargoing  teat  in  a  General  Electric 
plant  lust  before  ahipment  to  the  U.  S.  Nary  (right) 


Other  radar  equipment  in  production.  Die- 
caning  such  opparotua  recently,  Army'a 
iormar  Chief  Sigdal  Officer.  Ma).  Gen. 
Dowion  Olmatead.  aoid  that  during  the 
Attn  landing  weather  won  no  bad  that 
nan  could  henre  been  put  oahore  aucceaa- 
fally  only  with  the  old  of  radar  (oboTo) 


A  microphone,  amplifier  and  UniTemity 
IcwUpeoker  mounted  on  a  "dog-cart" 
9Bidad  landing  boota  oahore  at  Attu  once 
the  shock-troopa  had  eatabliahed  them- 
wlaar  on  the  bench,  oa  ahown  by  thia 
ofiicied  U.  S.  Nary  photo  (right) 
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J^utomatic  transmitter  included  as  part 
of  Army  airmen’s  emergency  gear 
^ings  help  to  fliers  forced  down  at  sea. 
^avy  aircraft  and  ship-locating  equip¬ 
ment  pictured  in  production.  Elec¬ 
tronic  sound  apparatus,  shown  on  Attu 
beach,  aided  American  landing 


Universal  Equalizer  Provides 
A-F  Amplifier  Design  Data 


Complete  details  of  an  instrument  which,  when  inserted  in  an  audio  amplifier  system  and 
adjusted  to  satisfy  listeners,  automatically  provides  on  its  panel  a  response  curve  from  wliich 
required  equalizer  circuit  constants  to  improve  response  characteristics  can  be  determined 
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FIG.  1 — Tonolizer  circuit,  with  Tolues  of  parti  for  a  15-channil 
arrangement.  Fewer  or  more  chonneli  may  be  uied  if  desired. 


by  appropriately  spacing  the  peak  frequencies.  By-pass  copaci- 
tors  for  cathode  resistors  in  remaining  channels  can  be  10  Mi  each 


IN  AUDIO  WORK,  there  are  many  control  levers  forming  the  visual  Response  characteristics  of  mi- 
uses  for  an  instrument  which  curve  are  calibrated  directly  in  db.  crophones,  loudspeakers  and  phono- 
makes  it  possible  to  change  the  re-  graph  pickups  can  be  determined 

sponse  curve  of  an  amplifier  at  will.  Typical  Us*s  with  the  tonalizer  by  using  signal 

Such  an  instrument  is  the  “Tonal-  The  response  of  a  theater  sound  sources  and  amplifiers  having  rea- 
izer”  developed  by  Paul  H.  Thomsen  system  or  public  address  system  can  sonably  flat  response  characteristics, 
of  Silver  Spring,  Md.  It  consists  es-  be  adjusted  to  suit  various  acoustic 
sentially  of  15  separate  calibrated  conditions  in  much  the  same  manner, 
tone  control  channels  connected  in  The  tonaliaer  is  inserted  in  the  am- 
parallel  but  acting  independently,  plifier  at  some  convenient  point, 
each  controlling  a  different  portion  usually  at  the  input  of  the  single- 
of  the  audio  spectrum.  tube  stage  which  precedes  the  out- 

To  determine  the  overall  response  put  stage.  The  channel  controls  are 
requirements  of  an  audio  amplifier  set  to  give  the  desired  tone  balance, 
intended  for  high-fidelity  sound  as  determined  by  listening  at  various 
reproduction  the  tonalizer  unit  is  positions  in  the  audience  while  the 
inserted  in  the  circuit  of  the  ampli-  system  is  in  use.  From  the  response 
fier  to  be  tested,  at  some  point  where  curve  indicated  by  these  control  set- 
the  signal  voltage  is  about  2  volts,  tings,  the  required  compensation  can 
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FIG.  2 — flC  selective  circuit  used  in  tonali- 
xer,  with  voltage  response  curve  it  provides 
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LEFT:  Front  panel  ol  15-channel  tonalizer.  The  lerers 
more  up  and  down  through  the  Tertical  slots  in  the 
panel,  with  their  ends  tracing  the  response  curre  to 
which  the  instrument  is  set 


BELOW:  Rear  oi  15-channel  tonalizer.  showing  gear  ar¬ 
rangements  lued  for  channel  gain  control  potenti¬ 
ometers.  Double-triode  6F8G  tubes,  each  serring  two 
channels,  can  be  used  in  place  oi  indiTidual  6J5  tubes, 
as  was  done  in  the  model  shown  here,  but  experience 
has  indicated  that  individual  tubes  ore  to  be  preferred 


RC  circuits  are  used  as  a-f  filters 
to  eliminate  phase  distortion  and 
other  drawbacks  of  tuned  LC 
circuits.  Each  RC  circuit  is  broadly 
peaked  at  a  particular  frequency,  and 
has  its  own  individual  gain  control. 
The  gain  control  levers  for  the  15 
channels  are  so  arranged  on  the  con¬ 
trol  panel  that  their  ends  trace  the 
over-all  response  curve  to  w’hich  the 
instrument  is  set. 

The  output  matching  circuit  and 
shielded  cable  are  optional,  and  are 
used  only  when  it  is  inadvisable  for 
.«ome  reason  to  connect  the  0.5-/if  out¬ 
put  capacitor  directly  to  the  grid  of 
a  tube  in  the  amplifier  being  tested. 

A  conventional,  well-filtered,  full- 
wave  powerpack  makes  the  tonalizer 
an  independent  unit  operable  directly 
from  an  a-c  line.  A  5Y3G  tube  is 
used  with  a  transformer  providing 
375  volts  on  each  side  of  the  center 
tap.  Two  15-henry  chokes  and  three 
iContitiued  on  page  269) 


The  individual  retpontvt  oi  all  15  channels  combine  to  give  a  flat  re¬ 
sponse.  as  shown  here,  when  all  controls  are  set  at  maximum 
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Peak  rrequencie.s  of  Response  Corves 
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Elementary  Particle 


During  the  past  decade,  rapid  strides  have  been  made  in  our  knowledge  of  the  basii 
particles  of  physics,  and  several  new  and  fundamental  “building  blocks  of  the  universe' 
have  been  discovered.  Dr.  Stranathan  brings  the  reader  up  to  date  on  these  reran 
advances,  in  a  summary  of  interest  to  users  and  designers  of  electronic  devices 


Knowledge  of  the  more  funda¬ 
mental  particles  of  matter  en¬ 
countered  in  nature  is  so  fascinating 
to  those  even  casually  interested  in 
the  subject  of  physics  that  it  seems 
worthwhile  occasionally  to  summar¬ 
ize  for  the  general  reader  the  present 
state  of  knowledge  concerning  these 
particles.  Electrons,  protons,  pho¬ 
tons,  positrons,  and  mesotrons  are 
not  products  of  the  conjurer’s  im¬ 
agination  ;  their  existence  is  unques¬ 
tioned.  They  can  be  produced  in  the 
laboratory.  They  are  found  associ¬ 
ated  with  the  penetrating  cosmic 
rays  coming  to  us  from  interstellar 
space.  Some  of  them  are  involved  in 
the  transmutation  of  the  elements, 
the  changing  of  one  element  into  an¬ 
other.  Some  are  involved  in  artificial 
radioactivity.  Let  us  inquire  briefiy 
concerning  the  existence  and  the 
properties  of  these  particles. 

Forty  years  ago  we  began  talking 
about  electrons,  minute  electrical 
charges,  although  it  was  not  until 
1913  that  it  was  demonstrated  con¬ 
clusively  that  electrical  charge  exists 
only  in  whole  multiples  of  some  unit 
called  the  electron.  At  that  time  ac¬ 
curate  measurements  of  many  differ¬ 
ent  small  charges  were  made,  and  it 
turned  out  that  each  of  these  charges 
was  1,  2,  3,  4,  5,  or  etc.,  times  the 
smallest  charge  ever  found.  This 
smallest  charge,  the  electron,  is  1.60 
X  10  “  coulomb.  This  is  the  charge 
that  would  move  past  a  given  point  in 
a  wire  in  one  second  if  there  was 
flowing  in  the  wire  a  current  of  one 
ten-millionth  of  a  millionth  of  a 
microampere.  These  electrons  are 
negatively  charged  electrically,  have 
a  mass  1/1837  that  of  the  hydrogen 
atom,  and  constitute  one  of  the  es¬ 
sential  building  stones  of  which  all 
matter  is  constructed.  They  are  the 
particles  emitted  from  the  hot  cath¬ 
ode  in  the  radio  tube.  Due  to  their 


By  J.  D.  STRANATHAN  varies  from  one  kind  of  atom  to  an 
Vniver$ity  of  Kan$a»  Other;  it  is  1  foF  hydrogen,  2  foi 

helium,  3  for  lithium,  and  on  up  ti 
negative  charge  they  are  attracted  92  for  uranium.  In  any  given  aton 
to  the  positively  charged  plate,  and  the  electrons  prefer  to  rotate  abon 
thereby  given  velocities  of  the  order  the  nucleus  in  those  shells  nearej 
of  5,000  miles  per  second.  Although  the  nucleus.  It  is  possible,  howeveij 
the  mass  of  the  electron  is  extremely  to  displace  an  electron  outward  teni 
small,  the  large  number  of  these  porarily.  The  atom  gives  out  ligh 
small  masses  moving  at  such  high  when  this  electron  moves  back  fror 
speed  gives  up  sufficient  energy  upon  an  outer  to  an  inner  shell,  Th 
striking  the  anode  to  heat  the  plate  nucleus  always  has  a  positive  charg( 
perceptibly  and  sometimes  disas-  1  for  hydrogen,  2  for  helium,  3  fo 
trously.  lithium,  and  on  up  to  92  for  urar 

ium.  Thus  the  positive  nuclea 
Early  Knowledge  of  Atomic  Phy.iet  balances  the  total  nep 

Revealing  information  concerning  tive  planetary  electron  charge;  th 
the  general  structure  of  atoms  dates  atom  as  a  whole  is  neutral.  Th 
back  also  some  25  years.  Many  ex-  structure  of  the  nucleus,  along  wit 
periments  show  that  the  atom  of  a  the  appropriate  number  and  arrangf 
particular  material  is  made  up  of  a  ment  of  planetary  electrons,  is  wha 
very  small  centrally  placed  and  posi-  distinguishes  one  atom  from  at 
tively  charged  part  called  the  nucleus,  other.  All  propei'ties  of  matter  mu: 
This  nucleus,  which  accounts  for  therefore  be  determined  fundam^r 
nearly  the  entire  mass  of  the  atom,  tally  by  the  structure  of  the  attn 
is  surrounded  by  a  number  of  so-  the  grouping  of  these  atoms  int 
called  planetary  electrons  arranged  molecules,  and  the  arrangement  c 
in  shells  at  various  distances  from  these  molecules  in  a  particular  mi 
the  nucleus.  The  number  of  these  terial. 

planetary  electrons  in  each  atom  In  an  electrical  discharge  tube  i 


Diagram  illustrating  the  release  of  photoelectrons  from 
photoelectrically  actiee  surioce  by  impinging  photons 
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F  Physics 


At  the  request  oi  the  editors  of  Electronics, 
Dr.  J.  D.  Stranathon,  Chairman  of  the  Depart¬ 
ment  of  Physics  and  Astronomy  at  the  Uni¬ 
versity  of  Kansas,  has  prepared  this  article 
on  the  fundamental  building  blocks  of  all 
matter.  It  has  been  written  to  summarize 
recent  advances  in  atomic  physics  and  to 
bring  the  reader  up  to  date  regarding  those 
elementary  particles  underlying  the  physics 
of  electronics. 


phich  an  appreciable  amount  of  gas 
been  left,  such  as  a  neon  sign 
ube,  some  of  the  gaseous  atoms  are 
onized.  Ionization  of  an  atom  con¬ 
sists  simply  of  tearing  away  from 
hat  atom  one  or  more  planetary 
pectrons.  This  leaves  a  positively 
barged  ion  only  inappreciably 
ighter  than  the  original  atom.  In  a 
lischarge  tube  the  electrons  move 
rom  cathode  to  anode,  while  the 
ositive  ions  move  toward  the  cath- 
de.  If  a  small  hole  is  drilled  in  a 

Iisc-shaped  cathode  in  the  gaseous 
ischarge  tube,  a  stream  of  these 
ositive  ions  proceeds  through  the 
Ipening.  This  stream  can  be  bent  by 
]lectric  or  magnetic  fields.  Thus  in- 
ormation  regarding  the  velocity 
Qd  the  ratio  of  charge  to  mass  of 
be  particle  can  be  obtained.  Since 
he  mass  of  this  ion  is  that  of  the 

I  tom  less  one  electron,  the  masses  of 
toms  can  be  compared  in  this  way. 
fact  this  has  proved  to  be  a  very 
ccurat'  method  of  determining  the 

f^mic  weights  of  the  chemical  ele- 
6nts,  much  more  accurate  in  gen- 
al  that  any  of  the  methods  more 
TOnor.ly  used  by  chemists.  It  was 
Wug)  studies  of  these  positive 
[•ns  that  the  existence  of  isotopes 


Sch«motic  raprcMn- 
tation  of  protons  in 
nuclons,  and  elec¬ 
trons  in  energy 
level  orbits  for 
neon  otom.  Excita¬ 
tion  occurs  when 
electrons  move  to 
outer  energy  levels. 
Ionisation  occurs 
when  electron  is 
completely  removed 
from  the  atom 


was  discovered.  In  general  the  atoms 
of  a  given  element,  say  neon,  are 
not  all  alike;  some  are  heavier  than 
others.  Some  neon  has  an  atomic 
weight  20,  some  21,  and  some  22. 
These  three  kinds  of  neon  are  called 
isotopes.  The  three  isotopes  of  neon 
exist  in  nature  in  such  proportions 
as  to  give  an  average  atomic  weight 
20.2.  Nearly  every  element  is  com¬ 
posed  of  isotopes.  As  will  be  re¬ 
marked  later,  some  of  these  isotopes 
are  stable  and  some  are  radioactive. 
The  several  isotopes  of  any  given 
element  differ  only  in  the  structure 
of  their  nuclei;  they  have  the  same 
number  and  arrangement  of  plane¬ 
tary  electrons.  The  simplest  nucleus 
is  that  of  hydrogen.  This  nucleus 
is  known  as  a  proton.  It  bears  a 
positive  charge  of  one  unit,  and  has 
a  mass  only  slightly  less  than  that 
of  the  hydrogen  atom.  All  other 
nuclei  are  apparently  constructed  of 
varying  numbers  of  protons  and 
neutrons.  The  neutron,  to  which  we 
shall  shortly  return,  is  a  particle 
discovered  only  ten  years  ago. 

Th«  Pheten — ParticI*  or  Wave? 

Another  “particle”  w'hich  has 
been  known  for  many  years  is  the 


photon.  The  word  particle  is  here 
placed  in  quotes  because  under  some 
conditions  this  photon  exhibits 
clearly  the  properties  of  a  particle 
whereas  under  other  conditions  it 
behaves  definitely  as  a  wave.  In  this 
respect  it  is  no  different  from  other 
particles  we  shall  discuss,  but  this 
dual  character  has  been  recognized 
longer  and  studied  more  thoroughly 
for  photons.  Heat  radiation,  light, 
x-rays,  and  gamma  rays  given  off  by 
radioactive  materials,  all  of  which 
are  electromagnetic  waves  of  the 
same  type  as  but  of  much  higher 
frequency  than  radio  waves,  are 
emitted  and  absorbed  only  in  dis¬ 
crete  amounts  of  energy.  That  is, 
radiant  energy  is  not  emitted  or  ab¬ 
sorbed  continuously,  but  only  in 
bundles  of  predetermined  size.  This 
discrete  amount  of  energy,  called  a 
quantum  or  a  photon,  depends  upon 
the  frequency  of  the  radiation;  it  is 
given  by  hv  where  h  is  a  universal 
constant  and  v  is  the  frequency. 
This  photon,  possessing  an  energy 
/iv,  travels  through  space  with  the 
velocity  of  light.  Experiments  show 
that  the  photon  possesses  momentum 
and  mass;  it  possesses  no  electrical 
charge. 

The  existence  of  the  photon  is 
made  evident  from  several  types  of 
studies,' one  of  the  most  common  be¬ 
ing  the  photoelectric  effect.  It  is 
common  knowledge  that  photoelectric 
cells  are  used  for  a  wide  variety  of 
purposes;  they  are  used  whenever  it 
is  desired  that  a  change  in  light  in¬ 
tensity  produce  a  change  in  electric 
current.  The  active  surface  of  the 
cell  is  made  of  a  material  which 
emits  electrons  from  its  surface 
when  the  surface  is  illuminated  with 
light  of  sufficiently  high  frequency. 
The  number  of  electrons  emitted  per 
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than  is  a  material  which  does  not 
contain  hydrogen.  On  the  other 
hand,  photons  are  absorbed  n  jch 
more  rapidly  by  lead  and  ather  h.  avy 
elements  than  by  the  light  elem*  nts. 
•It  soon  became  apparent  that  this 
penetrating  radiation  consi.sted  of  a 
previously  unrecognized  particle,  a 
particle  now  called  the  neutron.  A 
variety  of  convincing  experiments 
has  shown  that  this  neutron  is  a  par¬ 
ticle  having  a  mass  almost  the  same 
as  the  proton;  its  mass  is  1.0090  as 
second,  and  hence  the  current  to  a  positron,  and  the  mesotron  are  firmly  compared  to  1.0081  for  the  hydrogen 
nearby  collector  held  at  a  positive  established.  The  neutrino  has  a  atom  and  1.0076  for  the  proton.  This 
potential,  is  proportional  to  the  in-  rather  solid  theoretical  foundation,  difference  is  so  small  that  one  not  fa- 
tensity  of  light  falling  on  the  sur-  but  as  yet  we  lack  conclusive  experi-  miliar  with  the  experiments  might 
face.  The  individual  electrons  are  mental  evidence  for  its  existence,  suspect  that  it  is  due  to  error  of 
emitted  with  some  velocity,  of  the  With.- the  recognition  of  these  addi-  measurement.  Definitely  it  is  not; 
order  of  a  few  hundred  miles  per  tional  particles  has  come  also  the  the  mass  of  the  neutron  is  slightly 
second,  a  velocity  which  is  rather  realization  that  mass  is  just  another  larger  than  that  of  the  proton;  it  is 
small  for  an  electron.  One  might  form  of  energy.  Without  any  ques-  even  slightly  larger  than  that  of  the 
suspect  that  the  velocity  with  which  tion  it  is  possible  today  to  convert  hydrogen  atom,  which  consists  of  a 
the  electron  is  emitted  would  be  mass  into  energy,  or  to  convert  en-  proton  as  nucleus  and  one  planetary 
larger  when  the  surface  is  illumi-  ergy  into  mass.  We  shall  shortly  electron.  The  neutron  has  no  elec- 
nated  with  intense  light,  but  such  is  say  more  of  this.  Let  us  first  see  trical  charge.  This  lack  of  charge, 
not  the  case.  The  more  intense  light  just  how  the  discoveries  of  the  neu-  coupled  with  its  small  dimensions,  is 
ejects  more  electrons  per  second,  but  tron,  the  positron  and  the  mesotron  responsible  for  its  great  penetrating 
each  electron  is  ejected  with  the  came  about.  power.  The  gradual  slowing  down  of 

same  velocity  as  for  light  of  low  in-  a  charged  particle  as  it  passes 

tensity.  The  velocity  with  which  the  A*  Uncharged  Particle  through  matter  is  due  largely  to  the 

electron  is  ejected  from  the  surface  In  1932  several  observers  found  electrical  forces  between  the  charged 
depends  upon  the  frequency  of  the  that  if  radiation  from  certain  natural  particle  and  the  planetary  electrons 
incident  light;  it  is  larger  for  blue  radioactive  materials  was  allowed  to  of  the  atoms  of  material.  The  energy 
than  for  red  light.  In  fact  measure-  fall  upon  light  elements  such  as  of  the  charged  particle  is  gradually 
ments  show  that  the  velocity  of  the  beryllium,  boron  and  lithium,  there  spent  in  knocking  these  planetary 
fastest  electron  ejected  is  just  that  was  emitted  from  these  elements  a  electrons  from  atoms,  that  is,  in  ion- 
which  allows  the  electron  to  have  a  very  penetrating  radiation.  It  was  of  izing  the  atoms.  The  neutron,  hav- 
kinetic  energy  exactly  equal  to  the  course  knowm  that  x-rays,  and  the  ing  no  electrical  charge,  does  not 
energy  /iv  of  one  of  the  photons  of  gamma  rays  given  off  from  natural  produce  this  ionization.  Hence  it 
incident  light,  less  a  certain  amount  radioactive  materials,  were  ex-  loses  its  energy  slowly;  it  is  very 
of  energy  required  to  get  the  elec-  tremely  penetrating,  far  more  pene-  penetrating. 

tron  out  of  the  surface  emitting  the  trating  than  any  other  known  type  The  fact  that  the  mass  of  the  neu- 
photoelectrons.  The  higher  frequency  of  radiation.  Furthermore,  it  was  tron  is  essentially  the  same  as  that 
associated  with  blue  light  thus  ac-  known  that  in  general  the  higher  the  of  the  hydrogen  atom  is  responsible 
counts  for  the  greater  energy  of  an  frequency  of  such  radiation  the  for  the  relatively  rapid  absorption  of 
electron  ejected  by  blue  light  than  greater  was  the  penetrating  power,  neutrons  in  any  material  containing 
for  one  ejected  by  red  light.  Experi-  It  was  therefore  quite  natural  to  hydrogen  atoms  in  its  structure.  Let 
ments  of  this  and  similar  character  suppose  <it  first  that  this  new  radia-  us  think  for  a  moment  of  the  be- 
show  definitely  that  light,  including  tion  was  of  the  same  character  as  havior  of  two  billiard  balls  or  of 
not  only  visible  light  but  also  in-  x-rays  and  gamma  rays  except  that  two  marbles.  Let  us  assume  that  the 
frared,  ultraviolet,  x-rays,  and  it  was  of  a  still  higher  frequency,  balls  are  perfectly  elastic.  Assume 
gamma  rays,  is  absorbed  by  'matter  Since  x-rays  and  gamma  rays  are  ab-  also  that  there  is  no  friction  be- 

and  emitted  by  matter  in  energy  sorbed  as  photons  it  was  presumed  tween  the  balls  and  the  table ;  the  ball 

bundles  of  size  Av.  It  is  this  energy  that  this  new  radiation  was  consti-  cannot  then  behave  peculiarly  be- 
bundle  that  is  called  the  photon.  tuted  also  of  photons.  Studies  of  the  cause  of  its  spin.  Let  one  ball  be 
The  electron,  the  proton,  and  the  absorption  of  this  new  radiation  in  stationary.  Let  a  second  ball  be  shot 
photon  have  been  known  for  some  matter  soon  showed,  however,  that  directly  at  the  first.  If  the  sec¬ 
time.  As  a  consequence  one  even  such  was  not  the  case.  Among  other  ond  ball  has  the  same  mass  as  the 

casually  interested  in  science  knows  things  it  was  found  that  this  new  first,  it  will  stop  dead  after  the  col- 
something  of  them.  No  other  funda-  radiation  was  absorbed  more  rapidly  lision,  while  the  struck  ball  will  pro¬ 
mental  particles  were  known  before  in  water  or  paraffin  than  in  an  ceed  forward  with  a  velocity  equal 
1932.  Since  1932,  however,  the  ex-  equivalent  mass  of  lead.  Any  matter  to  that  originally  possessed  by  the 
istence  of  several  other  particles  has  containing  hydrogen  is  a  much  bet-  striking  ball.  If  the  second  ball  (the 
been  established.  The  neutron,  the  ter  absorber  of  this  new  radiation  striking  ball)  has  a  mass  greater 
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Jian  the  ball  originally  at  rest,  then  times  that  of  the  proton,  and  pos-  Reproduced  below  is  a  photograph 
ifter  the  collision  both  balls  will  pro-  sesses  a  positive  charge  of  two  elec-  showing  two  tracks.  A  magnetic 
;eed  forward,  the  second  ball  at  a  tron  units.  The  alpha  particle  leaves  field  was  established  perpendicular 
jonu’what  reduced  velocity.  If  the  a  very  dense  track,  due  in  part  to  to  the  plane  of  the  photograph  in 
jecond  ball  has  a  mass  less  than  that  its  double  charge  and  in  part  to  its  this  case.  The  particles  therefore 
of  the  ball  originally  at  rest,  then  relatively  large  mass.  The  droplets  move  perpendicular  to  the  magnetic 
the  struck  ball  proceeds  forward  and  of  water  condensed  on  the  many  ions  field.  The  path  of  one  particle  curves 
the  striking  ball  bounces  backward,  are  so  close  together  as  to  present  to  the  left  while  that  of  the  second 
It  is  only  when  the  striking  and  the  the  appearance  of  almost  a  continu-  particle  curves  slightly  to  the  right, 
struck  balls  have  equal  masses  that  ous  track.  Any  charged  particle  There  is  good  reason  to  believe  that 
the  striking  ball  is  brought  to  a  dead  leaves  a  similar  track,  though  usually  both  particles  came  into  the  cloud 
stop.  This  behavior  can  be  deduced  not  so  intense.  The  lighter  and  less  chamber  from  above,  where  they 
from  the  known  laws  of  mechanics;  highly  charged  proton  leaves  a  less  were  no  doubt  produced  by  cosmic 
or  it  can  be  observed  experimentally,  dense  track  than  the  alpha  particle,  rays  as  these  rays  were  absorbed  in 
Kow  if  neutrons  lose  their  energy  The  still  lighter  electron,  with  its  material  around  the  cloud  chamber, 
by  making  collisions  with  the  nuclei  single  negative  charge,  leaves  a  If  both  particles  did  come  from 
of  atoms,  then  a  neutron  would  be  much  less  intense  track  than  the  above,  then  one  particle  is  negatively 
brought  to  rest  most  rapidly  if  it  proton,  a  track  in  which  the  indi-  charged  and  the  other  positively 
were  allowed  to  strike  particles  of  its  vidual  water  droplets  can  be  distin-  charged.  The  two  tracks  are  of  the 
owTi  mass.  Hydrogen  nuclei  have  es-  guished.  same  nature ;  and  they  are  tracks 

sentially  this  same  mass.  Hence  any  Before  evidence  of  the  positron  is  such  as  are  known  to  be  left  by  elec- 
material  containing  hydrogen  atoms  shown,  it  is  necessary  to  recall  one  trons.  Hence  one  concludes  that  the 


Photographic  traces  of  a  pair  of  tracks  originating  from  a  common  point, 
the  two  particles  responsible  for  these  tracks  producing  equal  specific 
ionisations.  The  track  of  greater  currature  is  produced  by  on  electron. 
The  track  of  less  currature  is  produced  by  a  positron.  Both  half-tones 
are  from  the  author's  book,  "Particles  of  Modem  Physics"  published 
by  Blakiston 
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two  millionths  of  a  second  before  di! 
integrating  into  an  ordinary  elec¬ 
tron.  It  is  for  this  reason  thtt  th^ 
mesotrons  observed  in  cosmic  rays 
cannot  have  come  from  interpiellar 
space.  Although  they  travel  with  & 
velocity  barely  smaller  than  the  v^ 
locity  of  light,  186,000  miles  per 
second,  they  cannot  go  many  miles 
before  disintegrating.  Hence  the« 
could  not  have  traveled  to  us  from 
interstellar  space.  They  are  no  doubt 
formed  high  in  our  atmosphere  by 
some  component  of  the  primary  cos- 
ments  showed  that  this  new  particle  mic  rays,  apparently  protons,  as 
possesses  the  same  charge  as  the  or-  these  primary  rays  strike  our  atmos- 
dinary  electron,  except  that  it  is  phere.  They  then  proceed  downward 
sometimes  negative  and  sometimes  toward  the  earth's  surface,  some  of 
positive,  and  that  its  mass  is  inter-  them  disintegrating  on  the  way, 


SUMMARY  OF  PROPERTIES  OF  ELEMENTARY  PARTICLES 


1.  are  observed,  electrons,  iwsitrons, 

lie  radiation  orig-  protons,  photons  and  occasional  neu- 
‘liar  space  is  ex-  trons.  Most  of  the  particles  observed 
ng.  Some  is  fairly  at  the  earth’s  surface  are  of  second- 
The  penetrating  ary  character ;  they  are  not  the  par- 
een  observed  in  tides  which  came  from  interstellar 


by  the  photon.  The  reverse  process 
is  also  observed.  An  electron  and  a 
positron  often  disappear,  and  in 
their  place  appears  a  photon  of  radi¬ 
ant  energy.  Mass  is  thus  converted 
into  radiant  energy.  This  inter¬ 
change  of  mass  and  energy  is  a  very 
important  discovery,  one  which  may 
well  play  an  important  role  in  the 
future.  Not  only  do  we  know  that 
mass  can  be  changed  into  energy,  or 

energy  into  mass,  but  we  know  just  appears  that  this  extremely  pene- 
how  much  of  one  should  result  from  trating  component  of  cosmic  rays 
a  given  amount  of  the  other.  We  consists  of  mesotrons.  High  speed 
shall  shortly  indicate  just  how  well 
we  know  this. 

Th*  Mesetroa — A  "Haovy  Eleetroa" 

Still  another  particle,  the  meso¬ 
tron,  was  discovered  in  1936.  It  was 
first  recognized  by  Dr.  Carl  D. 

Anderson  of  California,  the  same 
man  who  discovered  the  positron. 

Dr.  Anderson  had  been  investigating  not  live  long.  It  is  unstable,  or  radio- 
the  tracks  left  in  a  large  cloud  cham-  active  as  we  say.  After  existing  for 
ber  by  the  cosmic  ray  particles.  Oc-  a  short  time  it  disintegrates  into  an 
casionally  he  found  a  particle  which  ordinary  electron  or  positron.  One 
left  a  track  very  much  like  those  left  might  properly  ask  what  happens  to 
by  electrons,  but  which  appeared  to  all  the  extra  mass  possessed  by  the  respect  to  the  cathode,  then  electrons 
have  other  characteristics  differing  original  mesotron 


mile  of  the  earth’s  crust.  It  has  also  in  our  atmosphere  as  atoms  are 
been  observed  after  penetrating  to  a  knocked  apart  by  the  incoming  pri- 
depth  of  one-fourth  mile  below  the  mary  rays.  The  secondary  particles 
surface  of  a  deep  lake  or  sea.  It  now  then  proceed  to  produce  additional 

secondaries.  The  nature  of  the  pri¬ 
mary  rays  coming  from  interstellar 
space  is  not  entirely  known.  It  seems 
mesotrons  are  found  throughout  the  certain  that  at  least  most  of  them 
atmosphere;  they  are  more  numer-  must  be  charged  particles.  It  also 
ous  as  one  goes  to  higher  altitudes,  seems  that  some  of  these  must  be  pro- 
One  might  at  first  suspect  that  the  tons.  The  primary  rays  probably 
mesotrons  themselves  constitute  the  consist  largely  of  electrons,  posi¬ 
trons  and  protons.  The  cosmic  ray 


primary  cosmic  rays  coming  to  us 
from  interstellar  space.  Such  cannot  particles  possess  extremely  high  en- 
be  the  case,  however.  Experiments  ergies,  often  as  high  as  10  billion 


over  that  pos-  striking  the  plate  have  an  energy  oi 
from  those  of  an  electron.  These  new  sessed  by  the  electron  into  which  it  260  electron-volts.)  Although  in  re¬ 
particles  were  unusually  penetrat-  turns.  The  answer  is  that  this  excess  cent  years  development  of  the  Van 
ing;  they  did  not  knock  electrons  out  mass  is  converted  into  energy.  This  de  Graaff  machine  and  the  cyclotron 
of  matter  as  readily  as  the  usual  is  just  another  example  that  mass  have  allowed  us  to  give  charged  par- 
electron  ;  they  often  proceeded  and  energy  are  interchangeable,  two  tides  suprisingly  high  energies  in 
through  thick  lead  plates  without  forms  of  the  same  thing.  Experi-  the  laboratory,  energies  of  the  order 
producing  perceptible  secondary  ef-  ments  have  shown  that  on  the  aver-  of  those  possessed  by  cosmic  ray  par- 
fects.  Various  subsequent  experi-  age  the  mesotron  lives  for  only  about  (Continued  on  page  272) 
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Name  of 
Partide 

Mass 
(0,-  16) 

Charge 

Relative 
Power  of 
Penetration 

Relative  . 
Abundance 
as  Individual 
Particles 

Produce 

Tracks 

EUectron . 

1/1837 

-1 

Intermediate 

Many 

Yes 

Podtron . 

1/1837 

+1 

Intermediate 

Few 

Yes 

Proton . 

1.0076 

-1-1 

Low 

Intermediate 

Yes 

Neutron . 

1.0090 

0 

Very  high 

Few 

No 

Photon . 

/iv/e* 

0 

High 

Many 

No 

Mesotron . 

1/10  (approx) 

±1 

Very  high 

Vwy  few 

Yes 

Chart  for  Detenhining 

Square  Root  of  a  Complex  Number 


The  tedious  and  time-consuming  calculations  required  in  finding  the  square 
root  of  a  complex  number  in  transmission  line  and  filter  calculations  can  be 
greatly  simplified  through  the  use  of  the  graph  given  in  this  reference  sheet 


N  designing  certain  types  of  elec¬ 
trical  networks,  and  particularly 
n  making  transmission  line  or  filter 
alculations,  the  need  frequently 
irises  for  evaluating  the  square  root 
if  a  complex  number  such  as  an  im- 
edance.  If  the  impedance  is  ex- 
)ressed  in  polar  coordinates,  any  root 
:an  be  quickly  and  easily  found,  but 
if  the  expression  is  originally  given 
in  rectangular  coordinates,  the  re- 
[|iiired  operations  are  tedious  and 
time  consuming.  The  impedance 
must  first  be  converted  from  rec¬ 
tangular  to  polar  form,  the  square 
oot  is  then  determined,  and  finally 
[he  result  is  reconverted  into  rectan¬ 
gular  coordinates,  thereby  requiring 
three  separate  and  distinct  opera¬ 
tions.  It  is  the  purpose  of  this  Refer- 
pnee  Sheet  to  present  a  method  by 
yhich  the  square  root  of  any  complex 
lumber  which  is  expressed  in  rectan¬ 
gular  coordinates  can  be  easily  and 
juickly  determined,  also  in  rectangu- 
ar  coordinates. 

The  chart  presented  here  is  based 
)n  sound  mathematical  reasoning, 
3ut  it  is  believed  that  the  reader  is 
lot  primarily  interested  in  the  math- 
pmatical  basis  upon  which  the  design 
rests.  Greater  interest  may  be  ex- 
lected  to  be  attached  to  the  practical 
ise  of  the  chart,  and  the  errors  and 
nagnitudes  for  which  it  is  most  use¬ 
ful.  As  reproduced,  the  errors  which 
nay  be  expected  are  simply  those 
'hich  would  be  expected  in  reading 
my  graph,  and  these  may  be  consid- 
med  to  be  negligible  for  most  en¬ 
gineering  purposes.  The  range  of 

Tbe  opinions  or  assertions  eoutainwl  herein 
r'‘  the  private  ones  of  the  writer  and  are 
''  to  '  e  I'onstrued  as  official  or  reflecting 
view  of  the  Navy  Department  or  the 
I  val  S' rvices  at  large. 
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variables  covers  those  quantities 
usually  encountered  in  practical  en¬ 
gineering  work.  However,  if  it  is 
necessary  to  consider  ranges  outside 
that  covered  by  the  graph,  this  can 
be  done  by  multiplying  the  original 
complex  number  by  some  suitable 
scale  factor  (such  as  0.01  or  100)  so 
that  the  problem  may  be  fitted  into 
the  range  for  which  the  chart  is 
drawn.  The  final  result  will  then 
have  to  be  multiplied  by  the  recipro¬ 
cal  of  this  original  scale  factor  (for 
example,  100  or  0.01,  respectively). 

If  the  original  complex  number  is 
Z  —  d  jb 

the  problem  before  us  is  to  determine 
=  X  jy 

The  double  set  of  coordinates  relate 
the  quantities  x,y,b,  and  K  —  a/b  so 
that  when  any  two  are  known,  their 
intersection  determines  a  position  or 
point  on  the  chart  from  which  the 
remaining  two  quantities  may  be  de¬ 
termined.  To  use  the  chart,  first  de¬ 
termine  K  =  a/b.  Then,  knowing  K 
and  b,  find  the  intersection  of  these 
two  coordinates  on  the  vertical  and 
horizontal  axes.  The  point  of  inter¬ 
section  thus  found  will  also  be  the 
point  of  intersection  for  the  desired 
values  of  x  and  y,  read  off  from  the 
slanting  scale. 

It  should  be  noted  that  Z*  has  two 
roots,  a  positive  root  and  a  negative 
root.  Geometrically,  these  two  possi¬ 
bilities  are  indicated  in  graphical 
form  by  means  of  vectors  which  are 
directed  in  opposite  directions,  or, 
are  180  deg.  apart.  The  physical  re¬ 
quirements  of  the  problem  must  be 


considered  when  deciding  which  of 
the  two  roots  is  to  be  used. 

It  is  believed  that  the  use  of  the 
chart  can  be  best  illustrated  through 
the  solution  of  several  representative 
examples. 

Example  1:  Assume  that  we  have 
an  impedance 

Z  =  a  -|-  =  15  -|-  ;20 

and  that  it  is  required  to  determine 
=  a;  -H  jy 

First  determine  K  =  a/b  =  0.75.  Lo¬ 
cate  the  intersection  of  the  coordin¬ 
ates,  K  =  0.75  and  b  =  20.  At  this 
point  read  x  =  4.46  and  y  —  2.25. 
The  desired  result  is  then 

Z*  X  +  jy  =  4.46  +  j  2.25 
or  its  negative  value, 

Z*  =  —X  —  jy  =  —4.46  —  2.25. 

Example  2 :  If  the  complex  number 
is 

Z  =  -15  +  ;  20 
the  result  is 

Z‘  =  X  -f  jy  =  2.25  -f  j  4.46 
or,  alternatively 

Z*  =  —X  —  jy  =  —2.25  —  j  4.46. 

Example  3:  If  the  impedance  is 
Z  -  —15  -  j  20 
the  final  result  is 

Z*  =  -2.25  -I-  j  4.46 
or 

Z*  =  2.25  -  j  4.46. 

Example  4:  If  the  impedance  is 
Z  =  15  -  20 

the  final  result  is 

Zi  =  -4.46  +  j  2.25 
or 

4.46-  J  2.25. 

Example  5 :  If  the  impedance  is 
Z  =  150  -1-  j  200 

we  find  that  K  =  0.75,  b  =  200, 
X  =  14.2  and  y  =  7.1.  The  result  is 
Zi  =  14.2  j  7.1. 
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PERFECTS  OUR  PART  IN  ELECTRONICS  •  TOMORROW 


I  HIS  panel  illustrates  many  possible  combina¬ 
tions  of  lugs,  bushings,  tube  pins,  printing,  etc,  on  CINCH’S  own 
laminated  material  Ucinite.  Consult  our  engineering  staff  to  develop 


the  proper  terminal  board  for  your  own  particular  applications. 


2335  WEST  YAM  BUREN  STREET.  CHICAfiO,  ILL 
SIMSmARY:  UMTEO-CARR  FASTENER  CORPORATION.  CAMRRIORE.  AMISS. 
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Fig.  2 — This  circuit  operating  directly 


TUBES  AT  WORK 


Photoelectric  Scdety  Control  for  Electric  Sewing  Machines. ...  130 

Electroencephalograph  Desicpi  .  132 

Carrier  Current  Coupling  Circuits  for  Networks .  144 

Electronic  Interval-Measurer  .  152 

Electronic  Control  on  Drill  Press .  154 

Audio  Perspective  System  for  Home  Radio  Receivers .  156 


Twisted  leads  in  a  half-inch  diair. 
eter  braided  copper  shield  are  use( 
to  connect  the  phototube  to  the  am 
plifier  box  mounted  under  the  m.a 
chine.  The  amplifier  circuit  is  sh(  wi 


Chromium  -p  fa  fed 
shoe 


Ijil 

ii  pair  in 


Cfufch  and  brake  • 


Photoelectric  Safety  Control 
For  Electric  Sewing  Machines 

To  PROTECT  THE  FINGERS  of  sightless 
workers  operating  electric  sewing 
machines,  a  photoelectric  safety  sys¬ 
tem  has  been  developed  by  J.  O. 
Kleber  of  the  American  Foundation 
for  the  Blind.  The  control  system 
brings  the  machine  to  a  complete  and 
sudden  stop  whenever  the  fingers  of 
the  operator  come  dangerously  close 
to  the  needle. 


From  the  left  side  of  the  machine 
a  beam  of  light  is  projected  onto  the 
chromium-plated  shoe  by  a  light 
source  consisting  of  a  6-volt,  21-cp 
automobile  stoplight  bulb  and  a  lens 
in  a  tubular  housing,  as  in  Fig.  1. 
The  reflected  beam  is  picked  up  by 
a  standard  phototube  in  a  housing  at 
the  right  of  the  shoe.  The  beam  is 
thus  about  half  an  inch  ahead  of  the 
needle,  in  a  region  through  which  the 
fingers  of  an  operator  might  nor¬ 
mally  approach  the  needle. 


I  Amp/if^r 

I 

A  c 


Fig.  1 — Basic  arrangsmsni  used  to  maki 
a  sowing  machino  soio  for  sightlosi  op 
orators 


in  Fig.  2,  and  involves  operation  of 
pentode  directly  from  the  a-c  lin( 
with  a  stepdown  transformer  provid 
ing  6.3  volts  for  the  tube  filaniHn 
and  for  the  lamp  in  the  light  sourct 
All  connections  to  the  amplify 
housing  are  made  through  fou 


First  oloctric  sowing  machino  equippod  with  photooloctric  safoty  control  for 
sightloss  workors.  J.  O.  Klobor,  doTolopor  of  tho  control,  domonstratos  to 
Holon  Schoror,  a  totally  blind  operator,  that  tho  machino  will  stop  automatically 
boforo  hor  finger  con  got  in  tho  path  of  tho  noodle 


from  an  a<  lino,  closes  tho  relay  whw 
tho  phototube  light  beam  is  interrupted 


plugs,  making  it  possible  to  install  i 
new  amplifier  unit  in  a  few  minute 
if  trouble  develops.  This  is  a  hiirh!; 
desirable  feature  when  workers  ar 
paid  on  a  piece-work  basis. 

The  sewing  machine  is  a  stanciar 
commercial  model,  in  which  the  mi 
tor  runs  continuously.  Pres.sure  o 
a  foot  treadle  connects  the  motor  t 
the  machine  through  a  clutch  ar. 
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DEVELOPMENT 


Elements 


For  millions  with  impaired  hearing  a  new  avenue  of  hope  was  opened  when  scientists 
applied  to  this  held  the  amplification  of  sound  by  means  of  the  vacuum  tube.  From  that 
point  on,  manufacturers  directed  their  efforts  toward  instruments  combining  increased  ef¬ 
fectiveness  with  reduction  in  both  size  and  weight. . . .  Because  volume  and  tone  control 
plays  an  extremely  important  role  in  these  small  amplifying  sets,  it  is  only  natural  that  IRC 
should  have  been  consulted  in  the  design  of  this  sensitive  part.  The  tiny  Volume  Control 
units  used  by  many  manufacturers  not  only  employ  special  Resistance  Elements  as  devel¬ 
oped  by  I  R  C  but  also  utilize  the  multi-hhger  contact  and  spiral  clock-spring  connector  ideas 
originated  and  perfected  by  I  R  C.  Marvels  of  compactness  and  efficiency,  these  midget 
controls  constitute  still  another  tribute  to  the  ingenuity  of  I  R  C’s  engineering  staff. . . .  Per¬ 
haps  you,  too,  are  faced  with  a  problem  requiring  expert  resistance  counsel.  If  so,  we 
welcome  your  inquiry  and  w’ill  be  glad  to  apply  our  research  facilities  toward  its  solution. 
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simultaneously  releases  the  brake 
acting  on  the  machine.  Releasing  of 
pressure  on  the  foot  treadle  or 
equivalent  “breaking”  of  the  rod 
which  links  the  treadle  to  the  clutch 
will  therefore  disconnect  the  motor 
and  apply  brakes  to  the  machine. 

The  relay  in  the  plate  circuit  of 
the  amplifier  tube  controls  a  solenoid 
which,  when  energized,  “breaks”  the 
clutch  rod  and  thus  stops  the  ma¬ 
chine.  As  soon  as  the  obstruction  is 
removed  from  the  light  beam,  the 
clutch  rod  can  be  restored  by  momen¬ 
tarily  removing  foot  pressure  from 
the  treadle.  The  solenoid  can  be  en¬ 
ergized  from  the  a-c  line,  but  quieter 
operation  was  obtained  by  using  a 
Rectox  unit  taken  from  a  pinball 
machine.  The  solenoid  likewise  was 
obtained  from  a  pinball  machine,  and 
requires  about  8  v. 


Recorder  and  ampUlier  units  of  the  portable  electroencephalograph  developed 
by  Eletcrophysicol  Laboratories.  New  York  City.  One  person  con  eosUy  carry 
the  complete  equipment 


trie  547-A.  Sometimes  a  special  low-  where  the  electrode  resistance  out  ( 
noise  tube  has  low  noise  only  in  a  which  the  amplifier  operates  is  a  vari 
range  above  20  cycles,  which  is  able  quantity  but  where  the  impel 
above  the  frequencies  commonly  used  ance  of  the  calibrating  circuit  is  cr i 
in  encephalography,  and  may  even  stant,  a  low  input  impedance  upsti 
show  more  noise  disturbance  at  lower  the  validity  of  the  calibrating  cirtul 
frequencies  than  is  created  by  a  values  and  thereby  causes  inaccurat 
well-chosen  standard  type  of  tube.  results.  The  possible  gain  in  signa’ 

Eltctro-Phytical  Laboratories,  Jnc.  noiSC  ratio  is  of  the  Order  of  five  t 

NtieYork,N.T.  Input  Impedance  Affects  Signal-Noise  one,  however,  so  that  for  spnl-. 

One  major  difficulty  encountered  Ratio  cases  the  low  input  impedance  miK'i 

in  working  with  the  high-gain,  low-  be  tolerated  to  secure  the  hifrlu 

frequency  amplifiers  used  for  en-  I  There  are  certain  operating  ad-  possible  signal-noise  ratio, 
cephalography  (measurement  and  re-  justments  in  the  input  stage  of  an 

cording  of  brain  potentials)  is  due  I  amplifier  of  this  kind  which  re-  Calibration  Froblems 

to  input  tube  troubles  in  the  form  /  suit  in  greatly  improved  signal-noise 

of  high  fluctuation  noise  (probably  I  ratios,  but  these  high  ratios  are  ob-  Electroencephalograph  amplifif . 
chiefly  shot  effect)  and  microphonics.  (  tainable  only  at  the  expense  of  fairly  are  generally  calibrated  by  applyin 
Microphonic  disturbances  can  be  low  input  impedance  because  the  grid  a  d-c  pulse  of  the  requisite  voltag 
kept  within  reasonable  limits  by  bias  and  screen  voltage  values  for  (usually  10,  20,  50,  or  100  micic 
proper  shock-proof  mounting  of  the  input  stage  must  be  so  low  that  volts)  to  one  grid  of  the  push  pi: 
tubes.  Noise  can  be  minimized  by  the  tubes  operate  in  the  grid  current  input  stage,  with  the  opposite  stag 
using  special  low-noise  tubes  such  as  region.  grounded.  For  most  operating 

the  RCA  1620  or  the  Western  Elec-  For  ordinary  encephalography,  justments  the  cathode  inversion  tb^ 
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«W76 


B+I50v 


B+22/zv 


Special  hum-free  push-pull  ennplifier  circuit  used  in  each  channel  of  the  portable  electroencephalograph 
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Two  kinds  of  news  that  does  not  reach  the 
public  prints  is  known  to  Stancor  engineers: 
new  applications  of  electric  energy  to  war 
communications,  and  new  ideas  for  using 
electronic  devices  in  peace-time  production. 
Both  are  secrets  of  victory,  not  to  be  told 
until  the  war  is  won. 

While  devoting  major  attention  to  war  pro¬ 
duction,  Stancor  engineers  keep  their  ear  to 
the  ground  . . .  alert  for  news  of  developments 
that  will  help  you  to  meet  the  challenge  of  a 
new  industrial  era. 
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takes  place  in  the  input  stage  makes 
the  amplifier  gain  the  same  in  this 
connection  as  it  is  for  the  push-pull, 
ungrounded  condition  under  which 
encephalograms  are  usually  made. 

In  order  to  simulate  the  operating 
conditions  of  these  amplifiers  as 
closely  as  possible  during  calibration, 
a  small  8-cycle  rotating-field  mag¬ 
netic  generator  was  constructed,  us¬ 
ing  an  armature  having  a  capacity 
of  less  than  5  to  ground,  and  its 
voltage  output  was  determined  by 
comparison  on  a  d-c  oscilloscope. 
With  this  generator  a  completely  un¬ 
grounded  signal  can  be  applied  to  the 
amplifier  either  with  signal-ended 
input  (one  grid  grounded)  or  with 
push-pull  input. 

Low  armature  capacity  to  ground 
is  essential  because  this  capacity 
shunts  the  attenuator  network  used 
to  reduce  the  measured  generator 
output  to  the  extremely  low  voltage 
actually  used  for  calibration.  Shunt 
errors  of  this  type  become  very  large 
even  at  very  low  frequencies  when 
working  at  low  voltage  levels  (of  the 
order  of  0.00001  volt)  with  un¬ 
grounded  input. 

It  was  found  that  under  certain 
conditions  the  single-ended  input  did 
not  give  correct  inversion  and  the 
d-c  calibrating  pulse  did  not  accu¬ 
rately  correspond  to  an  equivalent  a-c 
input  signal.  By  a  simple  adjustment 
in  screen  potential  on  the  input 
pentodes,  the  d-c  calibrating  pulse 
between  grid  and  ground  can  be 
made  to  produce  just  twice  the  equiv¬ 
alent  a-c  voltage  applied  in  push-pull. 
This  makes  the  gain  of  the  amplifier 
appear  to  be  twice  its  actual  value, 
and  makes  the  amplifier  appear  to 
have  twice  as  good  a  signal-noise 
ratio  as  it  actually  possesses.  Uni¬ 
formity  in  calibrating  procedures  is 
thus  highly  essential  to  fair  compari¬ 
son  of  different  amplifiers  for  en- 
cephalographic  work. 


€€6e<i 


The  dependable  performance  of  the  Amperex  89 IR  trans¬ 
mitting  tube  rests  not  only  upon  the  fine  research,  engineer¬ 
ing  and  workmanship  of.  the  Amperex  organization,  but  also 
upon  the  careful  selection  of  each  of  its  component  parts. 
Imperfections  in  even  the  smallest  part  could  materially 
mpair  the  over-all  efficiency  of  this  outstanding  air-cooled 
tube.  To  ensure  reliable  performance  throughout  the  life  of 
their  well-designed  tube,  Amperex  Electronic  Products  si>eci- 
fies  Callite  filaments,  filament  rods,  supports,  welds  and 
leads.  You,  too,  can  safeguard  your  name  and  product  by 
specifying  Callite  parts.  Our  engineers  will  be  glad  to  coop¬ 
erate  with  you  in  the  design  and  development  of  components 
for  your  specific  requirements. 


motio 


Frequency  Response  Considerations 


Ctdlite'a  family  of  apacialixed  products  for  electronic 
tube  manufacturers  includes  grids,  plates,  filaments, 
wires,  formed  parts  —  products  of  careful  Callite  re¬ 
search  in  the  appiication  of  tungsten,  molybdenum, 
and  special  alloys  to  modem  yacuum  tube  design. 


Electroencephalographic  amplifiers 
are  usually  said  to  be  flat  from  1 
cycle  up  to  some  quite  high  fre¬ 
quency,  often  up  to  10,000  cycles. 
Fortunately,  it  is  quite  unnecessary 
to  have  anything  like  this  response. 
It  is  impracticable,  with  any  reason¬ 
able  use  of  space  and  money,  to  get 
this  great  frequency  range  in  a  high- 

gain  push-pull,  resistance-capacity 

coupled  amplifier  having  suitably  lo\v 
fluctuation  noise.  A  brief  considera- 


CABtst  ‘^aturss"  •  maAMcUBSt  chicaoo  •  clcvclamo 
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Know  how”  proof  #12 
...more  each  month 


ScoviLL  Manufacturing  Company 
Waterville  Division 


TEL.  Waterbury  3*3151 


WATERVILLE  48,  CONN 


COLD-FORGING  SKILL 
CAN  CUT  YOUR 
FASTENINGS  HEADACHES 


No  assembled  product  can  be  better  than  its  fasten¬ 
ings.  If  yours  are  assembled  products  it  will  pay  you 
to  take  your  fastenings  problems  to  Scovill. 

Our  business  is  standard  and  special  fastening 
devices  cold  forged  to  save  you  materials— money- 
motions.  Scovill  "know  how"  makes  this  possible,  but 
"know  how"  is  easier  to  claim  than  to  deliver.  The 
proof  is  in  the  production.  For  instance  —  illustrated 
above  is  one  of  the  scores  of  difficult  problems  Scovill 
has  licked.  The  hole  was  cold-forged  into  the  head, 


with  the  lugs  being  formed  in  the  second  and  final 
heading  op)ercrtion— saving  material,  money,  motions. 

You  know  what  you  need  in  special  or  standard  fast¬ 
enings.  The  Fastenings  Expert  at  the  nearest  Scovill 
office  knows  how  to  help  you  find  the  answers  promptly 
for  both  present  and  postwar  requirements.  Like  most 
large,  skilled  metal-forming  plants,  we  are  largely 
engaged  in  war  work,  but  you  can  count  on  a  prompt, 
frank  answer  as  to  what  we  can  do  for  you— and 
when.  Call  on  the  nearest  Scovill  office  today. 


pass  this  on  to  others  to  whom  our  skill  might  be  of  help.  Thank  you! 


NEW  YORK.  Chryslar  Building  •  DETROIT.  6432  Cass  Avnue  •  CHICAGO,  1229  W.  Washington  Boulevard  •  PHILADELPHIA,  18  W.  Chdten  Avenue  Building 
PITTSBURGH.  2882  W  Liberty  Ave.  •  SYRACUSE,  Syracuse  -  Kemper  Insurance  Bldg.  LOS  ANGELES,  2627  S.  Soto  SL  .  SAN  FRANCISCO,  434  Brannan  SL 
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tion  of  the  fundamental  factors  in¬ 
volved  will  show  this. 

RC  networks  are  ordinarily  u^ed 
between  the  plates  and  prrids  of  the 
amplifier  stages.  For  all  the  well- 
known  reasons  the  grid  resistor 
values  cannot  greatly  exceed  l 
megohm,  and  in  the  stage  feeding  the 
output  tubes  it  must  be  about  half 
this  value.  The  coupling  capacitors, 
especially  in  the  early  stages,  must 
have  extremely  low  leakage  since  any 
leakage  current  will  appear  in  the 
output  as  fluctuation.  The  capacitors 
must  be  reasonably  small  in  size  if 
their  capacity  to  ground  is  to  be  low 
enough  to  make  high-frequency  re¬ 
sponse  possible.  To  produce  flat  re¬ 
sponse  down  to  1  cycle  requires 
about  10  /if,  an  impractical  value  for 
a  paper  capacitor  having  low  leak¬ 
age.  Even  2-/if  capacitors  will  give  a 
response  which  is  down  about  0,9  db 
at  1  cycle,  and  these  units  must  be 
mounted  well  up  above  the  chassis  to 
keep  the  response  up  at  5000  cycles. 

The  suggestion  is  often  made  that 
high-frequency  response  up  to  some 
very  high  point  is  desirable  because 
the  apparatus  might  be  used  for 
oscillographic  studies  with  a  cath¬ 
ode-ray  tube.  It  is  not  generally  re¬ 
alized  that  to  photograph  even  5000 
cycles  with  any  degree  of  interpre- 
tability  requires  a  film  or  paper  speed 
of  around  16  feet  per  second,  a  fast- 
screen  tube  and  a  high-speed  photo¬ 
graphic  lens.  This  type  of  equipment 
is  not  likely  to  be  in  the  hands  of  the 
average  encephalograph  user.  Ex¬ 
perience  has  shown  that  a  flat  re¬ 
sponse  up  to  about  30  cycles  is  more 
than  adequate  for  ordinary  en- 
cephalographic  work. 


in  1895,  just  two  years  later, 
Thordarson  ushered  in  the  age 
of  transfornier  specialization 


Consistently  since  that  date  .  .  .  year  in 
and  year  out,  Thordarson  engineers  have 
always  been  a  step  ahead  in  developing 
the  newest  and  most  needed  types  of 
transformers.  Today,  in  practically  every 
country  on  theface  of  the  earth,  Thordarson 
leadership  is  an  established  fact,  proven 
by  the  manifold  tasks  which  transformers 
bearing  the  trade-mark  "Thordarson**  are 
successfully  performing  on  the  war  fronts 
of  the  world. 


Interference  Problems 


The  problem  of  eliminating  inter¬ 
fering  fields  at  the  input  of  an  elec¬ 
troencephalograph  amplifier  consists 
partly  in  eliminating  in-phase  vol¬ 
tages  at  the  input  and  partly  in  using 
selective  filters  having  a  simple  struc¬ 
ture  along  with  high  attenuation. 

A  60-cycle  interfering  field  picked 
up  by  a  subject  connected  to  the  am¬ 
plifier  in  the  usual  way  may  measure 
as  high  as  0.3  volt  from  each  grid 
to  ground,  but  the  desired  signal  may 
average  only  around  0.00003  volt 
The  interfering  voltage  has  approxi¬ 
mately  the  same  phase  at  both  input 
grids,  while  the  desired  signal  is 
out  of  phase  at  the  grids. 

Unless  means  are  taken  to  reduce 


ELECTRIC  MEG.  COMPANY 

00  WEST  HURON  ST.,  CHICAGO,  III. 
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"VINYUTI"  ELASTIC 
PLASTICS 

awbbf -UkR  iRoiRriaU  produetd  in  a 
voritty  of  forms,  ranging  from  toft  to 
torn! -rigid.  PossRts  groat  tougknott  and 
good  rosistanco  to  continuous  floxing, 
and  to  sovoro  woor  and  abrasion.  Ton- 
silo  strength  groator  than  that  of  most 
rubber  compounds.  Have  excellent  elec¬ 
trical  insulating  properties,  and  do  not 
oxidise.  Con  be  mode  non-flommoble 
and  highly  resistant  to  water,  oils,  ond 
corrosive  chemicoK  by  correct  choice  of 
plasticizer. 

Available  in  a  wide  range  of  trons- 
lucent  or  opaque  colors,  or  in  colorless 
types.  Supplied  os  sheeting,  compounds, 
for  calendering  onto  cloth,  molding  and 
extrusion  compounds,  or  os  powdered 
resins  for  industries  that  hove  com¬ 
pounding  equipment,  such  os  the  rubber 
industry.  No  curing  or  vulcanizing  is 
required. 

'WINYLITE''  RIGID 
PLASTICS 

Produced  from  unplasticized  vinyl 
resins,  these  various  forms  of  plastics 
possess  a  combination  of  properties  not 
found  in  other  thermoplastic  materials. 
Having  extrentely  low  water  obsoro- 
tion,  they  remain  dimensionally  stable 
under  widely  varying  otmospheric 
conditions.  Outstanding  in  resistonce 
to  alcohols,  oils,  and  corrosive  chem¬ 
icals.  Have  high  impact  and  tensile 
strengths.  Odorless,  tasteless,  and  non¬ 
toxic.  Do  not  support  combustion. 

Available  irs  natural  transparent,  as 
well  as  transparent,  tronslucent,  and 
opaque  colors.  Supplied  os  rigid  sheets, 
or  as  molding  and  extrusion  com¬ 
pounds.  Rigid  sheet  can  be  fabricated 
by  forming,  drawing,  blowing,  spin¬ 
ning,  or  swaging,  ond  con  be  punched, 
sheared,  sowed,  or  mcKhined  with 
metalworking  tools.  AAolding  com¬ 
pounds  odaptable  to  both  compression- 
and  injection-molding  processes. 

'WINYLITE''  RESINS  FOR 
SURFACE  COATINGS 

When  correctly  formulated  ond  applied, 
these  resins  yield  finishes  of  unusual 
toughness,  gloss,  adhesion,  and  chem¬ 
ical  resistance.  Con  be  applied  by 
spraying,  knife-coating,  or  dipping  to 
o  wide  variety  of  surfaces,  such  as 
metol,  cloth,  poper,  and  concrete.  Pre¬ 
pared  by  dissolving  resins  in  organic 
solvents,  these  finishes  con  be  modified 
with  different  pigments,  dyes,  and  plas¬ 
ticizers.  The  resins  are  generally  not 
employed  with  other  film-forming 
bases,  thus  coatings  formulated  from 
them  exhibit  the  desirable  features  of 
VINYIITE  Resins  olorte.  Drying  is  solely 
by  sojvent  evaporation.  Finishes  can 
be  either  air-drying  or  baking  types 
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"VINYLITE"  RESINS 
FOR  ADHESIVES 

Unusual  toughness,  resiliency,  and  im¬ 
pact  resistance  ore  chorocteristic  of  ad¬ 
hesives  mode  from  these  resins.  They 
ore  widely  used  as  bonding  ogents  for 
such  materials  os  cellophane,  cloth, 
paper,  cardboard,  porcelain,  metal, 
mica,  stone,  leather,  wood,  and  plostic 
sheets  and  Rim.  Available  os  granules 
for  the  compounding  of  adhesives,  or 
os  solutions  sold  under  the  trade-nsark 
"VINYLSEAL."  The  latter  ore  especially 
recommended  for  bonding  impervious 
materials,  such  os  ntetols,  ortd  the  urea 
ond  phenolic  plastics.  Their  bonding 
strength  is  comparable  to  that  obtained 
with  soft  solder. 


THE  ROLE  OF  THE  X-RAY  IN  WINNING  THE  WAR 


ground  in  the  second  and  third 
stages  to  block  every  succeedinji:  grid 
and  render  the  entire  amplifier  inop 
erative.  Thus,  even  if  the  commer¬ 
cially  difficult  task  of  perfectly  ha! 
ancing  a  push-pull  amplifier  is  ac¬ 
complished,  such  a  simple  solution  is 
not  possible. 

The  means  usually  employed  in¬ 
volves  eliminating  the  in-phase  sig¬ 
nal  or  reducing  its  effect  by  degener¬ 
ation  which  is  effective  only  for  in 
phase  signals.  One  of  the  simple-, 
means  for  doing  this  is  by  use  of  a 
high-value  cathode  resistor  common 
to  both  input  tubes,  with  the  result¬ 
ant  high  negative  grid  voltage  re 
duced  by  an  opposition  voltage  or  by 
returning  the  grids  to  ground 
through  a  suitable  positive  potential. 
This  is  the  so-called  Tonnies  circuit. 

Where  the  noise  level  is  not  im¬ 
portant,  the  Tonnies  circuit  is  fairly 
effective  for  in-phase  cancellation, 
but  it  has  some  series  disadvantages 
when  a  low  noise  level  is  required. 
Placing  the  cathodes  of  input  tubes 
of  a  high-gain,  low-frequency  ampli¬ 
fier  at  some  large  resistance  above 
ground  increases  all  heater-cathode 
disturbances  by  a  large  factor  and 
results  in  a  much  higher  fluctuation 
This  effect  can  be  eliminated 


Uur  military  medical  authorities  demand  the  protection  of  an 
x-ray  chest  examination  for  every  inductee  into  the  armed 
forces.  Thousands  of  cases  of  incipient  tuhen'ulosis  are  thereby 
disc'overed  and  eliminated — cases  which,  under  the  rigorous 
conditions  of  warfare,  would  develop  into  active  sickness.  This 
care  in  selection  has  given  Uncle  Sam  the  ^Tittenest,  %htingest 
anny”  ever  assembled. 

After  the  war,  it  will  be  usual  for  school  groups,  large  employee 
groups,  perhaps  entire  populations,  to  receive  the  benefit  of 
such  x-ray  examinations. 

Thus,  this  miraculous  tool  of  modern  science,  which  is  con¬ 
tributing  so  much  to  the  winning  of  the  war,  by  selecting  men 
and  materials  fitted  for  the  jobs  they  have  to  do,  is  going  to 
contribute  importantly  to  the  better  world  after  j>eace  is  won — 
a  healthier  world,  also  made  happier  by  the  material  contribu¬ 
tions  of  science.  The  use  of  x-rays  in  research,  pnx-essing,  and 
inspection,  stimulated  by  the  training  of  thousands  of  skilled 
x-ray  technicians  and  the  development  t»f  mar>  elous  new  x-rav 
instruments,  will  open  wide  horizons  in  many  fields  in  the 
|K>st-w  ar  world. 


noise. 

only  by  having" The  random  fluctua¬ 
tions  perfectly  identical  in  time  and 
magnitude  in  the  two  input  tubes,  a 
condition  rarely  obtainable  in  prac¬ 
tice  unless  a  large  number  of  tubes 
is  tested  to  secure  a  perfectly 
matched  pair.  * 


THE  X-RAY  TUBE  IS  THE  HEART 
OF  THE  X-RAY  MACHINE... 

The  majerity  of  leading  makes  of  X-Ray  ap¬ 
paratus  are  eijuipiK-d  w  ith  At achlett  Tubes. 


Description  of  New  Portable 
Electroencephalograph 


The  electroencephalograph  de¬ 
scribed  here  incorporates  recent  and 
important  design  features  meeting 
the  requirements  just  described  and 
pei'mitting  fully  portable  operation 
without  the  use  of  a  shielded  room. 
It  consists  of  a  17-tube,  two-channel 
amplifier  and  a  high-speed  writer  or 
recorder  in  separate  carrying  cases. 


MAilHLETT 
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Wide  aivake  and  ready. 

Engineers,  like  ii9hter  pilots,  ore  cool  and  calculating  individuals  .  •  .  fellows  who 
believe  in  nothing  unless  proven.  Along  with  them,  we  know  that  the  future  holds 
out  promises  of  many  new  and  revolutionary  developments  .  .  .  and  every  angle  and 
possibility  is  being  carefully  analyzed.  However,  like  your  true  engineer,  we  moke 
no  predictions  .  .  .  we're  simply  wide  awoke  and  ready. 

Meanwhile,  there's  work  to  be  done  .  .  .  important  war  work  .  .  .  and  this  occu¬ 
pies  our  immediate  attention.  It  isn't  new  to  us  becouse  our  experience  goes 
n  back  to  the  beginning  of  radio.  We've  manufactured  sound  systems,  test  equip- 
y  ment  and  numerous  electronic  devices.  We  maintain  a  model  organization  where 
management-labor  relations  are  the  most  cordial  .  .  .  making  for  the  highest 

ft 

^  standards  of  quality  and  efficiency.  Yee.  EC  A  is  busy  . . .  but,  occasionally,  our 
V  production  schedules  enable  us  to  take  on  additional  contracts. 


ELECTRONIC  CORP.  OF  AMERICA 


45  lVf5r  18th  STRICT 
new  YORK  11,  N.  Y 
W  Atk 


operating  from  a  115- volt  a-c  Hn, 
and  from  small  B  batteries  in  th< 
amplifier  unit. 


Hum-Suppressing  Input  Circuit 


Each  amplifier  channel  consists  oi 
a  five-stage  push-pull  resistanc,'-ca 
pacity  coupled  amplifier  like  tha! 
shown  in  Fig.  1.  In-phase  hum  oom 
ponents  in  the  input  stage  are  gi  eath 
attenuated  by  degeneration  intro^ 
duced  in  the  grid  circuits  by  a  0.2 
megohm  resistor,  with  the  tub* 
cathodes  nearly  at  ground  potential 
The  amount  of  degeneration  in- 
creases  with  input  impedance,  thu- 
providing  a  certain  amount  of  auto¬ 
matic  control  over  the  hum  inpul 
which  also  increases  with  input  im 
pedance. 

Not  all  of  the  in-phase  signal  cai 
be  removed  by  the  first  stage,  henet 
in-phase  degeneration  is  provided  ic 
the  second  and  third  stages  also.  In 
the  second  stage,  a  50,000-ohm  cath 
ode  resistor  provides  degeneration 
while  a  22i-volt  section  of  a  B  bat 
tery  is  connected  in  series  with  th« 
grids  to  counteract  some  of  the  ex¬ 
cessive  bias  developed  across  this  rel 
sistor.  In  the  third  stage,  a  0.1-J 
capacitor  provides  a  feedback  patn 
from  the  plates  of  the  tube  to  th« 
cathode  of  the  second  stage. 

Any  small  unbalance  in  the  fii>l 
stage  will  make  some  of  the  in-phas? 
input  signal  appear  as 


Bomber  radios  must  not  fail 


Under  certain  conditions,  its  radio 
may  prove  the  very  life  of  the 
Bomber.  The  radio  must  not  jail. 
That  is  why  Army  Airplane  radio 
receivers  and  transmitters  are  so  con¬ 
stantly  and  carefully  tested  to  prove 
their  condition. 

That  Jackson  equipment  rates 
"trusting”  in  such  a  vital  assignment 
is  a  tribute. to  its  long-known  quality. 
The  Army  would  not  trust  checking 
the  Instruments  of  the  B-17  and  other 
Bombers  to  any  but  the  best  possible 
equipment. 

The  realization  thereof  is  a  chal¬ 
lenge  to  our  care  in  the  production 
and  delivery  of  testing  equipment 


that  measures  up  to  the  trust.  That 
is  our  War  Job  today.  Tomorrow  the 
high  standards  now  set  will  be  re¬ 
flected  in  the  Peace-Time  equipment 
you  may  expect  then. 


an  out-ofj 

phase  signal  at  the  second  stage,  and 
this  may  be  greater  than  can  ecw 
nomically  be  suppressed  by  the  60- 
cycle  filter  following  the  third  stage, 
Other  input  circuits  which  provide 
more  complete  in-phase  degenera¬ 
tion  are  in  the  process  of  devt‘lo!> 
ment. 


Something  to  Think  About 

After  the  war  there  will  be  many  thousands 
of  private  airplanes — equipped  with  two- 
way  radios.  And,  just  as  in  Army  Aircraft 
today,  these  radios  will  require  constant 
inspection  and  maintenance.  This  market 
alone  is  something  to  think  about. 


The  filters  used  after  the  third 
stage  are  noninductive,  employ;!)! 
only  resistors  and  capacitors,  ard 
may  be  removed  entirely  from  ire 
circuit  by  means  of  a  dpst  swiuh. 
With  the  filter  in,  the  band  of  fre¬ 
quencies  from  30  to  80  cycles  and  all 
frequencies  above  400  cycles  ars 
greatly  attenuated.  With  the  filteij 
out,  all  frequencies  from  1  to  4""*^ 
cycles  are  amplified  within  3  db,  for 
possible  oscillographic  and  other  am¬ 
plifier  uses. 

When  used  with  bipolar  connec¬ 
tions  to  both  input  grids,  (b'-cycl® 
hum  voltage  at  the  output  is  so  lo» 
that  useful  encephalograms  may  b« 


A/I  Jackson  employees — a  full  100% — are 
buying  W''ar  Bonds  on  a  payroll  deduction 
plan.  Let’s  ALL  go  all-out  for  Victory. 
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G-E  RADIO-NOISE 
^  FILTERS 

/ift 


They  provide  excellent  noise  suppression 
—  especially  from  200  to  20,000  kc 

These  filters  help  immeasurably  in  providing 
the  high-fidelity  radio  reception  so  important 
in  aerial  warfare.  They  attenuate  radio-noise 
voltage  on  aircraft  electric  systems  (on  circuits 
with  such  equipment  as  generators,  amplidynes, 
inverters,  and  dynamotors).  They  are  particularly 
helpful  in  systems  where  open  wiring  is  used  to 
save  weight. 

FEATURES 

•  High  ottonuation  characteristic  results  in  excellent  noise  reduction 

•  Compoct  and  lightweight  (For  100-amp  rating,  shown  at  left, 
approx  2  15  lb,  measuring  approx  5  by  4  by  2  1  2  in.) 

•  Can  be  mounted  readily  in  any  position 

•  Operate  efficiently  over  a  wide  temperature  range  ( —  50  C  to  50  C) 


•  Comply  with  U.S.  Army  Air  Forces  speci¬ 
fications,  including  the  stringent  requirements 
as  to  vibration  and  acceleration 

★  ★  ★ 

FOR  FURTHER  DATA  Ask  your  G-E  rep¬ 
resentative  for  Bulletin  GEA-4098,  or  write 
to  General  Electric,  Schenectady,  New  York. 


GENERAL  ELECTRIC 
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Illustrttions:  PL-l^^  PL-114 

ARMY  SIGNAL  CORPS 

Specifications 

PI  P  L  P 

50-A  61  74  114  150  56  65 

54  62  76  119  159  59  67 

55  63  77  120  160  60  74 

56  64  104  124  354  61  76 

58  65  108  125  62  77 

59  67  109  127  63  104 

60  68  112  149  64 


Prompt  Deliveries  •  Inspection 

Army  Signal  Corps  inspectors,  in  constant  attendance  at 
Remler  plants,  check  parts  in  progress  as  well  as  com¬ 
pleted  units.  This  assures  uniformity. 

SPECIAL  DESIGNS  TO  ORDER 

Remler  has  the  experience  and  is  equipped  to  "tool -up" 
and  manufacture  plugs  and  connectors  of  special  design 
—  IN  LARGE  QUANTITIES.  State  requirements  or  submit 
blue-prints  and  specifications. 

Remler  facilities  and  production  techniques 
frequently  permit  quotations  at  lower  prices 


Manufacturers  of  Communication  Equipment 
StHCE  1918 

REMLER  COMPANY,  Ltd.  •  2101  Bryant  St.,  •  San  Francisco,  Calif. 
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taken  in  nearly  all  locations  withou, 
any  screening.  Even  in  locations  hav¬ 
ing  strong  hum  fields  due  to  a-c  ma 
chines,  a  simple  wire  screen  at  % 
strategic  point  near  the  subject  j; 
usually  adequate.  With  a  unipolar 
connection,  the  resulting  automat; 
grounding  of  the  subject  makes  hum 
free  records  even  easier  to  obtain. 

Performance  Data 

The  fourth  and  fifth  stages  ar^ 
conventional  in  design,  with  the  50U 
output  tubes  feeding  one  of  the  elec¬ 
trodynamic  writers,  A  deflection  of 
at  least  1  cm  is  obtained  when  a  10- 
microvolt  d-c  pulse  is  applied  to  tk 
input  of  the  amplifier  in  a  e(4- 
ventional  manner,  and  the  stylus  die 
flection  due  to  noise  and  hum  under 
this  condition  is  less  than  2  nun. 

The  two  amplifier  channels  are 
identical  throughout.  Four  ll-poi!‘ 
selector  switches  and  a  12-point  Jone- 
receptacle  on  the  panel  (not  in  th 
diagram  shown  in  Fig.  1)  permit  se 
lection  of  all  possible  combir-Htinr. 
of  1  to  11  electrodes. - 

Power  Supply 

The  heaters  of  the  tubes  in  the 
first  two  stages  are  operated  froir 
the  a-c  line  through  a  highly  fiiUrK 
rectifier  arrangement  paralleled  by  i 
voltage-stabilizing  6-volt  dry  battery. 
Plate  voltages  for  the  first  tw 
stages  are  obtained  from  a  set  o' 
three  small  portable  B  batteries  hav 
ing  a  life  of  4  to  12  months,  while  th- 
remaining  stages  are  supplied  by  a 
more  or  less  conventional  voltage 
regulated  power  pack  operating  frv 
the  a-c  line. 

•  •  • 

Carrier  Current  Coupling 
Circuits  for  Civilian 
Defense  Networks 

Technical  data  on  the  wired  wire 
less  or  carrier  cui’rent  communi.i 
tion  system  being  used  in  Prinf 
George’s  County,  Maryland  for  Civi: 
ian  Defense  purposes  has  been  re 
leased  by  the  two  radio  enK'neer' 
who  designed  and  installed  the  syr 
tern,  namely  Perry  E.  Wightiuar 
Radio  Aide  for  Prince  Geurge 
County,  and  Henry  H.  Lyon, 
Engineer  of  station  WOL  in  Wa:  ! 
ington.  I 

Transmitters  for  two-way  c  - 1 


^  a  .  .  . 

REMLER 
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Meet  yeer  RCAl^TUBE  aitd 
EQUIPMENT  DISTRIBUTOR! 

..’Round  the  Corner  Supplier  of  Electronic  Items  to  War  Industry 


Need  RCA  Tubes  and  other  electronic  equipment 
in  a  hurry  ? 

Need  "trade-wise”  expediting  on  important  material 
orders  that  require  intelligent  follow-through? 

Then  get  in  touch  with  your 
dearest  RCA  Tube  and  Equip¬ 
ment  Distributor  today!  Filling  ^  TICHNICAllY-l 
hurry-up  priority  orders— often  ^  NORMALL)! 

from  stock— is  his  business.  If  ^eacT 

he  hasn’t  got  what  you  need,  *  tAjI 

he’ll  know  where  to  obtain  it  ^  INTELLIGE 

as  fast  as  priorities  permit.  He 
knows  the  trade.  He  knows 
delivery  conditions.  Equally  im- 


i^TECHNiaUY-INEORMED  SERVICE 

V  NORMALLY  LARGE  STOCKS 

VFAST  DELIVERIES 

V  INTELLIGENT  EXPEDITING 


portant,  he  knows  the  technical  angles  of  the  equip¬ 
ment  that  he  sells.  You’ll  find  his  technical  help  and 
suggestions  invaluable — and  these,  like  his  delivery 
facilities,  pertain  not  only  to  RCA  Tubes  and  Equip¬ 
ment,  but  to  countless  other 

,  T 

*  earn  related  electronic  items  pro- 

PKIHCU  >IKYIvk  duced  by  many  other  manufac- 

RGE  STOCKS  turers  as  well. 

There  are  over  300  of  these 
IVERIES  RCA  Distributors  throughout 

EXPEDITING  the  United  States  to  serve  you. 

If  you  do  not  already  know 
the  one  nearest  you,  a  list 
will  gladly  be  sent  on  request. 


RCA  ELECTRON  TUBES 

RCA  Victor  Division,  RADIO  CORPORATION  OF  AMERICA,  Camden,  N.  J. 


J^on’t  allow  jfour  production  lines  to  slow  down  for  lack  of 
essential  parts.  Lafayette  Radio  Corp.  is  headquarters  for  all  radio  and 
electronic  parts  and  equipment  of  every  nationally  known  manufacturer  in 
the  field.  Let  Lafayette  help  you  keep  your  production  humming  and  save 
Hour  time  —  one  single  order  to  Lafayette  will  insure  prompt  delivery  on 
all  hard-to-get  parts  and  equipment  your  program  may  require. 

Thousands  of  manufacturers,  electronic  engineers  and  private 
and  military  training  program  directors  know  Lafayette’s  reputation  for 
complete  stocks  and  extensive  procurement  facilities.  We  can  fill  your 
needs  too  —  quickly! 


Write  today  for  Free  130  page  Radio  and 


Electronic  Farts  and  Equipment  Catalog 


Address  Dept.  8G3 


LAFAYETTE  RADIO  CORP. 

ir  901  W.  JACKSON  BLVD.  CHICAGO,  ILLINOIS 
★  265  PEACHTREE  STREET  ATLANTA,  GEORGIA 


munication  are  located  at  the  Con- 
trol  Center  in  Hyattsville  and  at  a 
Report  Center  in  Mt.  Rainier,  10 
miles  away  by  wire  line  (li  miles 
airline),  using  frequencies  of  150 
and  160  kc.  Receivers  for  one-way 
communication  were  also  installed  in 
a  number  of  Report  Centers  and  Fire 
Houses  in  surrounding  localities. 
The  frequencies  chosen  are  suffi¬ 
ciently  low  to  minimize  line  radia¬ 
tion,  yet  pass  readily  through  the 
distribution  transformers  at  each 
station,  and  do  not  interfere  with 
established  broadcast  systems,  tel^ 
phone  or  power  company  systems. 


The  transmitter  circuit  is  conven¬ 
tional,  and  is  shown  in  Fig.  1  chiefly 
to  give  the  tube  line-up  and  to  indi¬ 
cate  the  types  of  circuits  found  most 
suitable  for  150  kc. 

Ordinary  superheterodyne  re 
ceivers  were  converted  for  operation 
on  150  kc  by  making  simple  changes 
in  the  oscillator  stage  and  the  first 
r-f  stage.  The  changes  required  in  s 
conventional  circuit  arrangement  an 
shown  in  Fig.  2.  A  new  antenna  co: 
was  wound  according  to  the  stiecifi 
cations  given,  with  the  primary 
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Flq.  1 — Trcoumittar  arr<nig*m«nt  ui»d  iw 
ISO-kc  wir«d  wlreleM  opviotton.  Tht 
modnlotor  (not  ahown)  consiatod  oi  a  poit 
of  BL6  tuboa  in  puah-pull.  drivan  by  o 
6C5  and  a  carbon  microphone 


lIGH  FREQUENCY  HEATING  AND  MELTING 

. . .  Ue^  to-  iicMl 

High  frequency  heating  has  been  greatly  accelerated  by  tne  corr 


Norfhrup  Melting  Furnaces  vary  in  she 
the  laboratory  types  rated  in  ounces 
pilot  plant  outfits  rated  in  pounds  and 
nal  batteries  of  larger  units  whose  doily 
tol  special  alloys  may  be  rated  in  tons. 


Oscillators,  tube  converters  or  motor 
rators  provide  the  power. 


High  frequency  heating  has  been  greatly  accelerated  by  the  com¬ 
bination  of  current  events.  Quantity  production  floating  on 
conveyors  provides  an  ideal  setup.  The  urgency  for  speed, 
maintenance  of  uniformity  and  conservation  of  man  power  are  the 
deciding  factors. 

In  fact,  although  little  heating  equipment  had  been  installed 
previous  to  1936,  the  sales  curve  of  Ajax-Northrup  High  Frequency 
Heating  Equipment  may  soon  equal  that  of  the  melting  equipment 
which  has  been  used  extensively  since  1918. 

Continued  growth  is  assured  because  high  frequency  heating 
covers  the  range  of  advantages  from  high-speed  production  to  top 
quality  and  competitive  costs. 

The  unusual  flexibility  of  Ajax-Northrup  High  Frequency  Equip¬ 
ment  may  easily  be  its  greatest  asset,  for  you  can  quickly  convert 
from  heating  to  brazing,  or  melting  at  any  time  for  a  fraction  of  the 
original  investment.  Inquiries  from  manufacturers  desiring  to  incor¬ 
porate  electronic  heating  in  their  post-war  products  are  particularly 
welcome. 


ASSOCIATE  COMPANIES:  THE  AJAX  METAL  CO.  Neii-Ferreut  Ingot  Metal  for  fowndry  use, 
AJAX  ELECTRIC  FURNACE  CORPORATION.  Ajai'Wyott  Inductioii  Furuaees  tor  melting. 
AJAX  ELECTRIC  CO.,  INC.  Ajax-Hultgren  Salt  Bath  Furnace  and  Resistance  Type  Electric  Furnaces. 
AJAX  ENGINEERING  CORPORATION.  Aluminum  Melting  Furnaces. 
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Fig.  2 — EsMntial  changci  rsquircd  in  a 
conT*ntional  •upnrhntsrodyns  r*c*iT«r  for 
150-kc  reception 


placed  inside  the  secondary.  The  fin¬ 
ished  coil  was  boiled  in  wax,  then 
wrapped  with  cotton  tape.  In  the 
oscillator  circuit,  series  tracking  ca¬ 
pacitor  C,  was  removed  and  connected 
in  parallel  with  oscillator  tuning 
capacitor  Ci. 


Coupling  Methods  and  Circuits 


US  or  ?30  ^oU  service  ^ 


Anfenna  ^2^ — J 

jiiSljnL 


Ktceivtr  Onvna  Itmd  j 


grour^  ^  ==>  Arrftnno)^ 

k  o  o  o  ^  Cxfemal 

Vjk _ n  ground/ 

'Linep/ug  Receivr  l6roun,x 

nof  cornecfeci 


Fig.  3 — Two  methods  of  coupling  a  re¬ 
ceiver  to  a  power  line  for  carrier-current 
reception 


THERE’S  A  DRAKi 

SOLDERING  IR(^ 


FOR  EVERY  TYPE  0F 
ELECTRONIC  WORK 


From  that  mighty  mite 


the  Drake  No.  600-10  there  it 
high  quality  Drake  Solder! 
Iron  “just  right”  for  the  job. 


Drake  Heat  Controls  and  tb* 
Drake  “Magic  Cup”  Stand  an 
important  soldering  aids. 


SEE 

YOUR  RADIO 
PARTS  JOBBEI 


DRAKE  ELECTRIC  WORKS, 


Two  methods  of  coupling  a  re¬ 
ceiver  to  the  power  line  are  shown  in  ' 
Fig.  3.  One  method  involves  con¬ 
necting  the  antenna  lead  to  the  hot 
side  of  the  line  through  a  small  ca¬ 
pacitor,  and  connecting  the  ground 
lead  to  the  neutral  or  grounded  side 
of  the  line.  These  connections  may 
ordinarily  be  made  at  any  conveni¬ 
ent  wall  outlet.  The  other  method  in¬ 
volves  connecting  one  side  of  the  line 
(.whichever  side  gives  best  results) 
to  the  receiver  chassis  through  a 
capacitor  and  connecting  the  antenna 
lead  to  a  good  external  ground. 

Methods  of  coupling  a  transmitter 
to  the  line  are  shown  in  Fig.  4.  C» 


3656  LINCOLN  AVE.  CHICAGO,  lU 


JONES  500  SERIES 
PLUeS  and  SOCKETS 


6  contact 
Plug  and 
Socket 


5000  volts  and  25  amparas.  Fulfill*  *'>*1 
alactrical  and  machanical  raquiramasi 
Polarixad  to  pravant  incorract  corniK* 
tion*.  Easy  to  wira.  Siias:  2,  4,  6,  8,  H 
and  12  contacts.  Thousands  of  u*«* 
Writa  for  Bullatin  500  today. 


HOWARD  B.  JONE! 

2300  WABANSIA  AVENUE,  Qiyj 
ILLINC  HIGI 


CHICAGO 
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\\  Awarded  to  our  Hicks- 

villa,  L.  I.  plant  for 
\  outstanding  oehiava- 

ment  in  war  production. 

ii  COMMUNICATIONS 
it  RESEARCH 

ir  DEVELOPMENT  ENGINEERING 
it  MANUFACTURING 


In  the  formulation  of  plans  for  the  post-war  world, 
extensive  use  already  is  being  made  of  Press  Wireless 
and  its  international  network  of  radio  communications. 

Execution  of  these  plans  will  require  still  further 
employment  of  Press  Wireless  facilities. 

We  are  gratified  to  have  this  opportunity  to  serve. 
For  over  twenty  years  we  have  been  planning,  in¬ 
stalling,  and  operating  large-scale  radio  communica¬ 
tions  systems  and  manufacturing  the  equipment  their 
functioning  requires. 

Today  the  manufacturing,  design,  and  engineering 
resources  of  Press  Wireless  are  devoted  entirely  to 
supplying  our  armgd  forces  with  vital  radio  units.  The 
work  we  are  doing  now,  added  to  oOr  more  than  two 
decades  of  communications  and  manufacturing  ex¬ 
perience  will,  we  believe,  further  fit  Press  Wireless 
for  public  service  when  the  war  ends. 


PRESS  WIRELESS  Inc. 

hxecntizr  Ofices  Sales  Offices,  Manufacturin]^  Division 

435  N.  MICHIGAN  AVE.,  CHICAGO  1475  BROADWAY,  NEW  YORK  CITY,  18 

DIV^SITY  receivers  •  AIRCRAFT  AND  AIRFIELD  RADIO  EQUIPMENT  •  MODUPLEX  UNITS  •  FACSIMILE  MACHINES 
HIGH  POWER  TRANSMITTERS  •  RADIO  PRINTER  SYSTEMS  •  CHANNELING  DEVICES  •  RADIO  PHOTO  TERMINALS 
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PRESS  WIRELESS  Inc. 
AND  PLANS 


Flight-similitude  Cold  Testing 

Only  Mobile  units  offer  program  controlled 
or  manually  set  flight-similitude  conditions. 
These  units  provide  completely  coordinated 
altitude-temperature  curves  to  a  maximum  of 
80,000  feet  altitude  at  a  temperature  minimum 
of  -120"  F. 

Reheat  and  humidity  testing  is  standard  also 
in  these  Mobile  units,  up  to  +  185°F  with  fully 
controlled  humidity  conditions  according  to 
your  requirements. 

Our  production  time  has  recently  been  cut 
almost  40%.  We  invite  your  inquiry. 


Fig.  4 — Four  methods  oi  coupliaq  g 
transmitter  to  a  power  line 

is  here  serving  both  as  bhckiri- 
capacitor  and  as  tuning  cap.icitc 
for  the  line  circuit,  and  will 
erally  give  resonance  at  some  va!-- 
between  0.01  and  0.06  /if.  I 

While  it  is  possible  to  get  air:.' 
without  load-isolating  filters,  cor* 
siderably  better  results  are  obtaine-' 
if  filters  are  used  to  prevent  r-f  sig 
nal  power  from  being  expended  ir 
the  shunt  load  connected  to  the  houxr 
side  of  the  meter,  as  in  the  two  lowt: 
circuits  in  Fig.  4.  The  coils  used 
must  have  sufficient  current-carryini 
capacity  to  handle  the  total  connected 
load  without  serious  voltage  drop  it 
the  line  frequency.  C,  can  have  j 
low  voltage  rating  but  should  be  of 
high  quality  and  of  the  correct  size 
to  tune  L,  to  the  operating  frequency 


AWVS  ESTABLISHES 
RADIO  SCHOOL 


Th«  American  Women's  Volunteer  Seit 
ices  hare  established  a  radio  laboroten 
for  trcdning  women  to  replace  men  wbe 
erer  they  may  be  needed  in  wortiat 
communications  work.  The  women 
be  taught  all  phases  of  radio  consUuctiai 
and  repair.  The  school  will  turn  out  rodk 
engineering  aides,  repair  women  of 
technicians.  This  photo  shows  membw 
of  the  class  in  theory 
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May  we  work  with  you? 

MOBILE  REFRIGERATION 


38-32  54TH  STREET 


WOODSIDE.  L.  I..  NEW  YORK 
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MITCHELL-RAND  INSULATION  COMPANY,  INC. 


SI  MURRAY  STREET 


COrtlandt  7-9264  NEW  YORK  7#  M.  Y* 


Hbcrqlo.  Vornishad  Tape  and  Cloth 
hitulotinq  Paper,  and  Twines 
Cable  Fillinq  and  Pothead  Compounds 
Friction  Tope  and  Splice 
Transformer  Compounds 


A  PARTIAL  LIST  OF  M-R  PRODUCTS 

Fiberqias  Braided  Sleevinq 
Cotton  Tapes,  Webbinqs  and  Sleevinqs 
Impreqnoted  Varnish  Tubinq 
Insulatinq  Varnishes  of  all  types 


Fiberqias  Soturoted  Sleevinq  and  Varnished  Tubinq 

Asbestos  Sleevinq  and  Tape 

Eitruded  Plastic  Tubinq 

Varnished  Cambric  Cloth  and  Tape 

Mica  Plate.  Tope,  Poper.  Cloth  and  Tubinq 
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...They  Perform  Again  at  tuff  Efficiency 


Because  of  their  special  hermetically  sealed  design, 
the  outstanding  performance^  of  l^rmoflux  Dynamic 
Headphones  is  not  impaired  by  water,  moisture  or 
long  hours  of  corrosive  sbit  spray.  And  yet  this 
same  unique  design  allows  instantaneous  pressure 
difference  compensation  —  an  importarit,  exclusive 
Permoflux  developrtient  that  assures  higher  sensitivi¬ 
ty,  more  uniform  frequency  response  and  improved 
intelligibility  at  all  altitude  levels. 

Permoflux  craftsmen  are  turning  out  Dynamic  Head¬ 
phones  in  increased  quantities  for  fulfillment  of  vital 
communications  assignments. 


CORPORATION 
4916^22  W.  Grand  Ave.,  Chicago,  III. 

PIONIIR  MANUPACTUftiltS  OP  PtUMMOIT  MAGNfr  DYNAMIC  TRANSDUCItS 
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Electronic  Interval'Measuror 

Time  intervals  as  short  as  loo 
microseconds  between  any  two 
events  which  can  be  converted  into 
electrical  impulses  are  measured  ac¬ 
curately  with  a  new’  G-E  electronic 
meter.  The  impulses  can  be  'hose 
produced  by  a  phototube  due  t(  two 
interruptions  of  a  light  bean ,  by 
controls  which  are  operated  in  se¬ 
quence,  or  by  any  combination  of  any 
means  for  obtaining  electrical  im¬ 
pulses  at  the  beginning  and  end  of 
the  event  to  be  timed. 


Ph$tthk  D-C*oltagt 
and 

PTLPE± 


Standard  capacitor 


Elfctrortie- 

switch 


Standan!  Wtmfhr, 
resistor  cahbrthS 
in  milliucoa  , 


Switch 


Block  diagram  of  electronic  time-meaiui- 
Ing  meter 


The  impulses  are  fed  into  an  elec¬ 
tronic  switch  which  is  used  to  control 
the  time  in  which  a  standard  capaci¬ 
tor  is  charged  through  a  standard 
resistor,  as  shown  in  the  block  dia- 
The  voltage  across  the  ca- 


gram, 

pacitor  is  proportional  to  the  time  of 
charging,  hence  the  voltmeter  can  be 
calibrated  directly  in  units  of  time 
rather  than  voltage.  The  meter  will 
continue  indicating  the  time  interval 
after  measuring,  with  a  drift  of  less 
than  one  division  per  minute.  Short¬ 
ing  the  capacitor  with  a  push-button 
switch  clears  the  meter  for  another 
reading. 


General  Electric  time  intenral  meter,  with 
phototube  and  preampliiier  in  Mparott 
housing 


ELECTRONIC: 


KCIROMCS 


Electronic  Control  on 
Drill  Press 


The  field  of  usefulness  of  aa  ,  r 
dinary  small  drill  press  at  the 
nectady  plant  of  General  Electric  C® 
was  greatly  increased  by  the  nidi 
tion  of  a  i-hp  G-E  Thy-mo-trol  drive 
Operating  speeds  can  now  bf*  ac 
justed  from  25  rpm  to  1750  rpm  siir, 
ply  by  rotating  a  knob,  and  the  di 
rection  of  rotation  can  be  chantrei 
by  pressing  a  button.  Indeptnden 


V  are  tn 
tbei» 

^ 

“Me***!,  Z- 

Wr  orders  n  ht  ^^ted  ^ 

thTd*^^ 

furlbtr**^'’ 

permit- 


Changing  speed  on  thla  drill  press  U  3. 
easy  as  tuning  in  a  new  station  on  : 
radio  receiTor,  ior  motor  current  is  lu; 
nished  by  a  pair  oi  thyratrons  com- " 
from  the  piuh-button  station  at  the  Isil 


Now,  more  than  ever,  it  is  vital  to  hold  elec¬ 
trical  failures  to  a  minimum.  Periodic  test¬ 
ing  of  the  insulation  of  motors,  generators, 
cables,  signal-control  and  other  electrical  ap¬ 
paratus  can  save  priceless  time  and  protect 
irreplaceable  equipment.  Testing  with  a 
"Megger”  instrument  is  only  a  matter  of  min¬ 
utes,  but  it  can  reveal  potential  damage  and 
save  days  of  costly  delay. 

"Megger”  insulation  testers  are  completely 
self-contained — wholly  independent  of  bat¬ 
teries.  Simply  connect  to  the  equipment  un¬ 
der  test,  turn  the  hand  cranked  generator 
and  read  insulation  resistance  directly  by  die 
pointer  over  the  scale.  Over  40  years  of 
service  in  industry  has  proved  the  value  of 
"Megger”  Practice. 

Write  for  any  or  all  of  the  bulletins  listed 
and  a  free  copy  of  the  Pocket  Manual  of 
"Megger”  Practice,  No.  1420-E. 


speed  adjustments  are  provided  f 
both  forward  and  reverse  ro:a' 
permitting  preselected  speeds  : 
both  tapping  and  backing  out. 
wide  range  of  speeds  makes  it 
sible  to  use  the  drill  press  for  a  ‘ 
variety  of  hard-to-drill  ma  *  ‘ 
ranging  from  molded  compounds 
the  hardest  steel  pieces  wi’ 
changing  pulleys. 


U$e  of  Hand-driven  "Megger” 
Tester,  Bulletin  I655-E. 

How  to  Test  Insulation  and 
Avoid  Trouble  in  Electrical 
Equipment,  Bulletin  1640-E. 

Various  types  of  "Megger”  In¬ 
sulation  Testers,  Catalog  1685-E. 

Bulletin  1735-E  on  the  New 
U.  S.-made  "Megger”  Insula¬ 
tion  Tester  in  plastic  molded 

caM. 


FIRST  HAND  TRAINING 


A  un't  from  the  Royal  Corps  of  >'<3' 
demonstrates  a  portable  radio  ssl 
Cadets  at  Eton  College,  England 


1211-13  ARCH  STREET 
PHILADELPHIA  7,  PENNA. 


f 


■ii 


August  1943  —  ELECTRON! 


154 


II  it  01 

n  on  0 


ii  lui 
ontrotlM 
Jio  lift 

tied  : 

otati'r. 

ids  : 
it.  Tr. 

it  !"• 
■  a  w’’/ 
ater.. 
unds  • 

with' 


ING 


rS 


-.I 

9 

•> 

i 

F 


TO  HELP  YOU  LICK  THE  MANPOWER  SHORTAGE 
BY  MAKING  YOUR  WORKERS  MORE  EFFICIENT 


TRAINING  MUVl  — Ready  now!  A 
slide  film  'with  sound,  produced  to  aid 
the  men  servicing  fighting  aircraft  in 
the  field,  or  the  men  and  women  build¬ 
ing  all  types  of  electrical  equipment 
where  AN  Connectors  are  used.  Clears 
up  confusing  terminology.  Explains 
assembly  techniques.  Shows  how  AN 
part  numbers  are  established  and  fa¬ 
cilitates  ordering  of  replacements. 


CATALOGS  —Your  engineering  de¬ 
partment,  production  executives  and 
service  men  need  the  basic  informa- 
yon  clearly  presented  in  the  new  cat¬ 
alogs  covering  many  types  of  Cannon 
Connectors  used  in  any  industry  em¬ 
ploying  electrically  operated  devices. 


WALL  CHARTS 


One  chart  gives 
insert  arrangements  and  shell  sizes 
on  AN  specification  connectors  at  a 
glance.  The  other  gives  catalog  num¬ 
bers  of  all  AN  fittings.  Both  charts 
aid  the  designer,  and  the  man  in  the 
field  who  is  servicing  any  type  of 
equipment  on  which  AN  electrical 
connectors  are  used. 


If  any  or  all  of  these  visual  aids 
u'ill  help  your  employees  to  be¬ 
come  more  effcieut,  attach  this 
coupon  to  your  firm  letterhead. 


Cannon  Electric  Development  Company 
Dept.  A-120,  3209  Humboldt  St.  •  los  Angeles,  ColHoraia 
Please  send  us  more  information  on  the  visual 
nids  checked  below: 

RAINING  FILM  □  CATALOGS  □  WALL  CHART  □ 


Short-Circuit  Sammy  is  a  genius  at  getting 
into  trouble,  hut  he  raises  some  pretty  good 
questions  in  the  Cannon  Plug  training  film. 
His  pedagogical  characteristics  are  confined 
to  showing  how  ijo/  to  do  certain  operations 
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PEEmjSS 

TRnnsfMhiERS 


Electrical  Products  Co. 

6920  McKinley  Avenue 
Los  Angeles  1,  Californio 


^udio  Perspective  System  for 
Home  Radio  Receivers 

By  Ignatius  Volpe 


fVrampIffier 


With  the  electronic  arrangement 
presented  here,  perspective  sound 
effects  aproximating  those  in  Walt 
Disney’s  production  “Fantasia”  can 
be  obtained  in  the  home  during  radio 
reception  of  symphonic  programs. 
Listeners  can  experience  the  sensa¬ 
tion  of  sitting  before  the  actual  or¬ 
chestra,  with  violin  strains  coming 
from  the  left  and  percussion  instru¬ 
ments  from  the  right. 

The  system  replaces  the  audio  sec¬ 
tion  of  an  ordinary  high-quality  re¬ 
ceiver,  preferably  an  FM  receiver 
which  can  receive  programs  incor¬ 
porating  the  full  range  of  audio  fre¬ 
quencies  up  to  15,000  cycles. 

The  arrangement  is  shown  in 
block  form  in  the  accompanying  dia¬ 
gram.  Parts  values  and  detailed 
circuits  are  purposely  avoided  since 
the  entire  system  is  intended  solely 
to  be  suggestive  and  promote  experi¬ 
mentation  with  audio  perspective. 

The  audio  signal  from  the  dis¬ 
criminator  or  second  detector  of  the 
receiver  is  applied  to  the  preampli¬ 
fier,  which  contains  a  conventional 
volume  control  and  may  have  one  or 
more  voltage  amplifier  stages.  The 
preamplifier  feeds  into  three  chan¬ 
nels  at  all  times,  but  the  number  of 
channels  which  are  effective  in  pro¬ 
ducing  sound  at  any  instant  depends 
upon  the  extent  to  which  strong  low- 
frequency  and  high-frequency  com¬ 
ponents  are  present  in  the  received 
program. 

The  center  channel  in  the  diagram 
is  operative  at  all  times.  Here  sig¬ 
nals  go  through  a  conventional  vol¬ 
ume  expander  and  power  amplifier  to 
an  output  transformer  and  p-m 
dynamic  loudspeaker.  The  output 
transformer  has  two  other  sec¬ 
ondaries,  serving  the  two  additional 
loudspeakers,  but  these  are  effective 
only  when  their  field  coils  are  ener¬ 
gized  by  the  other  two  channels, 
j  The  left-hand  channel  in  the  dia¬ 
gram  has  a  filter  which  attenuates 
the  lower  frequencies.  The  resulting 
high-frequency  portion  of  the  pro¬ 
gram  passes  on  to  the  high-frequency 
expander.  This  expander  and  the 
medium-frequency  expander  both 
feed  a  vacuum  tube  voltmeter  stage 


M»elium 

fV»q. 


Low-pass 

flltor 


Low-fr«j 

•xpondrf 


Hiqh-freq 

9xpandtr 


Power 

amplifier 


High 

vfVM 


for  AIR  ASSOCIATES 


Air  Associates’  new  TMO  and 
TUI  Transmitters  built  for  Civil 
Aeronautics  Administration  use 
9  different  types  of  transformers 
and  reactors— all  engineered  and 
produced  by  Peerless. 

This  ability  to  meet  today’s 
rigid  CAA,  Army,  Navy  and  Air 
Force  specifications  is  why  Air 
Associates  and  other  quality  man¬ 
ufacturers  choose  Peerless  for 
their  transformers  and  reactors. 


High-fn«}.spKr  Me<l.freq.spkr  Low-froq  spkr 
(Electrodgnomio)  (p-m  dgflomie)  (etedroilynafnie) 


Suggested  method  of  obtaining  audio  poi- 
spective  in  home  radio  receiTon 


TAKE  YOUR 
TRANSFORMER 
PROBLEMS  TO 


plate  circuit  relay  closes  and  applie- 
field  excitation  to  the  high-frequer  v 
loudspeaker. 

Similarly,  the  right-hand  chaniie 
applies  field  excitation  to  the  lu" 
frequency  loudspeaker  when  the  prr 
gram  contains  strong  low  notes. 

The  power  amplifier  should  be  i! 
highest  quality  and  have  an  extendd 
of  from  about  20  cycles  t 


Write  for 
complete 
specifications 
and 
catalog 


range 

16,000  cycles,  and  the  response  of  ;r 
high-frequency  loudspeaker  shoi;' 
go  up  to  16,000  cycles.  For  best  t 
feet,  the  loudspeakers  should  be  p  > 
tioned  as  far  apart  as  i^sAible.  It 
placement  that  determines  the  d 
gree  of  perspectiveness  provided  ^ 
the  system. 


"There  is  a  Peerless 
Quality  Transformer 
for  Every  Purpose" 
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>e  been  made  available  to  all  branches  of 
s  industry  producing  Radar. 

^uiar  is  another  achievement  of  the  radio- 
ktron  tube  and  the  use  of  ultra-high  fre- 
ciu\  waves,  pioneered  by  RCA  Labora- 
RCA  looks  forward  to  the  time  when 
services  as  world  headquarters  for  radio- 
irti!  c  research  can  again  be  devoted  to 
the  peacetime  world  a  better  place 
"liich  to  live. 


HOW  RADAR  WORKS — Traveling  with  the  speed 
of  light  —  186,000  miles  per  second  —  ultra-high 
frequency  waves  strike  the  invisible  enemy  vessel, 
bounce  back,  automatically  establish  range  and 
distance  of  the  target! 

For  the  full,  fascinating  story  of  Radar,  write  today  for  free 
booklet,  "Radar — H'artime  Miracle  of  Radio.”  Address  your 
request  to:  Department  Radio  ('nrporation  of  America, 

30  Rockefeller  Plaza,  \ew  York. 
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{Continued  from  page  93) 


Fig.  5  showing  power  requirements 
for  various  thicknesses  of  Vinyliteat 
several  bonding  speeds.  It  is  as¬ 
sumed  that  power  is  confined  to  a 
cylindrical  volume  having  a  cross 
sectional  area  of  0.1  square  centi¬ 
meter  and  a  height  of  b  centimeters 
ranging,  in  this  case,  from  0.01  centi¬ 
meter  to  0.08  centimeter.  It  is  in¬ 
structive  to  note  that  there  is  an 
optimum  thickness,  for  a  given  rate 
of  speed,  at  which  the  power  re 
quirement  is  a  minimum. 


Heat  Ceadactiea  Letsti 

Inspection  of  the  calculations  foi 
power  requirements  with  and  with¬ 
out  heat-conduction  loss  may  lead 
the  casual  observer  to  an  erroneous 
conclusion.  Since  the  cold  electrode? 
require  nearly  twice  the  power  that 
is  needed  when  no  conduction  losses 
are  entailed,  it  appears  inefficient  t<i 
use  a  method  which  conducts  s( 
much  heat  away.  But  the  fact  that 
the  outside  layers  of  the  material 
being  fused  are  kept  cool  prevents 
the  surface  from  becoming  gummy 
and  thus  the  distortion  that  would 
otherwise  appear  is  greatly  reduced. 

The  power  dissipated  in  a  cylin¬ 
drical  volume  of  unit  cross-section  is 
expressed  by  the  relation 

P  =«  i?Yr/6  watts  (I 

where  E  is  the  voltage, 

G  the  conductivity,  and 
b  the  thickness. 

•  In  terms  of  voltage  (3)  becomes 


equipped  with 


Coaxial  Cables 


SCR-299  high-powered  mobile  transmitter,  built  by  the 
Hallicrafter  Co.  and  equipped  with  ANDREW  coaxial  cables,  received  high 
praise  from  Generals  Montgomery  and  Eisenhower  and  their  men  as  they 
drove  Rommel  out  of  North  Africa.  Designed  to  meet  specific  high  standards 
of  the  U.  S.  Signal  Corps,  the  performance  of  the  SCR-299  has  surpassed 
the  greatest  expectations  of  military  radio  men.  It  is  highly  significant  that 
ANDREW  coaxial  cables  were  chosen  as  a  component  of  this  suF>erb  unit: 
one  more  proof  that  the  name-  ANDREW  is  synonymous  with  quality  in  the 
field  of  antenna  equipment. 

The  ANDREW  Company  is  a  pioneer  in 
a  the  manufacture  of  coaxial  cables  and  ac- 

R  cessories.  The  entire  facilities  of  the  Engi- 

^  neering  Department  are  at  the  service  of 

♦  *  ^  *  users  of  radio  transmission  equipment. 

^  u  Catalog  of  complete  line  free  on  request. 


Since  the  field  strength  F 
(4)  may  be  written 


¥  =  — =  ■4/—  volts  per  unit  thickness  (5 
Vb  V  G 

Using  a  subscript  1  to  designate 
the  values  which  apply  to  the  mini 
mum  ordinate  in  the  curves  in  Fie 
5  and  a  subscript  2  for  values  at  any 
other  point,  Eq.  (5)  yields  this  re 
lationship : 


COAXtAL  CABLES 
ANTENNA  EQU/PMENT 


which  is  plotted  in  Fig.  5  by 
curve  showing  relative  field  strengi 
versus  thickness  at  a  sealing  rate  0: 
1  inch  per  second.  Note  that  as  th- 
thickness  becomes  less  than  that  a! 
the  minimum  ordinate  the  powei 
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SINCE  the  very  beginning  of  quarts 
cutting  program,  DI-MET  engineers  hcnre 
constantiy  endeavored  to  improve  quartz 
cutting  resuits  through  better  blade  and 
machine  performance.  Their  success  in  these 
efforts  has  been  substantial,  starting  with  the 
first  DI-MET  Rimlock  blade  offered  to  the 
quartz  industry. 

The  Rimlock  was  developed  by  a  radical  departure  in 
bonding  procedures*  which  greatly  increased  the 
blade  life  and  cutting  speed.  For  the  delicate  dicing 
operation  the  Di-MET  Resinoid  Bonded  Wheel  proved 
highly  efficient  producing  smooth,  polished  surfaces. 

Latest  developments  in  Di-MET  laboratories 
include  the  "green -rim"  resinoid  bond  for 
increased  life,  and  Dynamic  Tensioning  — a 


process  that  .puli  oming  rims  of  metal  type  wheels 
emfor  balanced  tension  — makes  blades  run  flat  dur¬ 
ing  actual  cutting  operations  and  tends  to  keep  them 
flat  for  the  life  of  the  blade! 


Undoubtedly  new  and  even  better  DI-MET  develop¬ 
ments  are  in  store  for  quartz  operators.  And  you  can 
bet  your  share  will  come  from  DI-MET  laboratories, 
since  continuous  effort  and  experimentation  here  are 
constantly  improving  existing  quartz  cutting  tech¬ 
niques,  producing  more  blanks  per  pound  of  quartz 
and  eliminating  unnecessary  wastage.  For  any  cutting 
problem— for  every  cutting  operation— look  to  DI-MET! 


*  FEIKER  MANUFAaURING  CO. 

NT' 

1116  Border  Ave.  •  Torrance,  Calif. 


TYPE  C  R 
Hand :  Copper 
SIZES 

Cm  Off  Wheel.: 

S'*,  4"  and  all  even 
Jiametera  up  to  16" 
Thick  hod. 

Wheels  i 

Diameters:  Up  to  6" 
Tbickne.ses :  Vi "  to  Vi 


RIMLOCK 
Bond  t  Copper 
SIZES 

Cut  Off  Wheels: 

3",  4"  and  all  even 
diameters  up  to  16" 
Thick  bod. 

Wheels: 

Diameters:  I"  to  6" 
Thicknesses :  A  "  to  V4‘ 


CUP  W  HEEL 
Resinoid  Bonded 
Plain  Cnpwheel, 
Type  D6W 
Diameter:  6" 


RE.SINOID 
BONDED 
Straiicht  Wheel, 
Type  DIT 
Diameters; 

3",  4".  6« 
Thicknesses: 
s*j"  to  Vi" 


RIMLOCK 
Bond:  Steel 
SIZES 

Cut-Off  W'heels: 

3",  4"  and  all  even 
diameters  to  24" 


)M(»I l!  TRONICS 


a  ^cimou5  name  in  /<aa.io 

E.  F.  JOHNSON  COMPANY 


rises  rapidly  and  the  possibility  of 
electrical  breakdown  becomes  gr '  at 
This  prediction  is  strikingly  coriob- 
orated  in  the  experience  with  K(  ro- 
seal,  as  described  later. 


Uscfal  Maeiiiii*  AftachiiiaRtt 

Some  of  the  attachments  designed 
for  conventional  sewing  machine* 
may  be  effectively  adapted  to  the 
electronic  model. 


One  such  device 
is  a  binding  attachment  which  fold* 
a  plastic  tape  upon  itself  to  bind  a 
raw  edge  of  thermoplastic  material 
and  thus  enhance  its  appearance 


Such  a  taped-seam  is  particularly 
useful  in  the  assembly  of  bags  or 
containers  which  must  hold  liquids 
or  gases  under  pressure. 

A  bias-cut  cloth  tape  may  be 
folded-in  simultaneously  with  plastic 
tape  to  obtain  a  color  contrast,  or  to 
provide  additional  reinforcement  of 
the  edge.  When  a  bias-cut  cloth  tape 
is  used  in  conjunction  with  a  thermo¬ 
plastic  tape  an  unusual  result  can  be 
achieved,  as  may  be  seen  by  refer¬ 
ence  to  Fig.  6B.  With  the  layers  of 
cloth  acting  as  a  heat  insulator,  only 
the  three  inner  thicknesses  of  ther¬ 
moplastic  material  will  attain  the 
temperature  of  plasticity  and  bond 
together.  In  effect,  this  is  equivalent 
to  bonding  or  “sewing”  on  the  inside 
only. 

Hemmers  are  used  to  fold-over 
raw  edges  of  material  to  produce  a 
finished  edge.  In  conventional  sew¬ 
ing,  a  hem  is  usually  secured  by 
single  stitching,  although  where 
wide  hems  are  desired  double  or 
triple  stitching  may  be  used.  For 
double  or  triple  stitching  a  two  or 
three-needle  machine  is  frequently 
used.  A  similar  result  may  be  rea¬ 
lized  with  the  electronic  sewing  ma¬ 
chine  desribed  by  using  a  grooved 
or  double  wheel  as  one  of  the  elec¬ 
trodes  to  make  two  bonds  simultane¬ 
ously.  When  sewing  cloth,  operators 
assist  the  hemming  attachment  by 
starting  the  fold  by  hand,  but  for 
plastic  sheeting  such  a  method  is  not 
suitable  since  the  material  does  not 
crease  easily  and  is  somewhat  more 
slippery  when  in  contact  with  itself 
Experience  indicated 


Pearl  Harbor's  first  challenge  was  to  American 
Industry.  In  the  answer  to  that  challenge  lay 
the  difference  between  victory  and  defeat.  It 
was  found  largely  in  increased  efficiency,  new 
methods,  new  techniques.  More  bombers  with 
fewer  man  hours  ...  More  VIKING  radio  trans¬ 
mitting  ports  per  man  and  machine.  The  big 
bouquet  for  ♦hia  job  goes  to  the  production  men, 
the  methods  engineers,  the  works  superin¬ 
tendents,  the  foremen  and  those  like  them. 

We  are  proud  of  such  men  in  our  organization. 
They've  given  us  new  tube  sockets,  condensers, 
and  many  other  parts  cpiickly  the  way  they 
were  needed.  Their  new  methods,  and  tech¬ 
niques  (not  least  among  them  the  highly  per¬ 
fected  art  of  large  scale  high  speed  Mycalex 
fabrication)  have  enabled  us  to  quadruple  our 
pre-Pearl  Harbor  production  despite  the  con¬ 
tribution  of  many  of  our  male  employees  to  the 
services. 

We're  making  more  ports  better,  thanks  to  much 
improved  production  techniques,  and  we're 
proud  of  the  part  we've  been  permitted  to  play 
in  answering  civilization's  greatest  challenge. 
When  the  smoke  of  Victory  has  cleared  Johnny 
Doughboy,  we'll  march  back  to  new  life,  in 
which  such  things  as  improved  Johnson  elec¬ 
tronic  equipment  will  contribute  to  the  happier 
world  he  so  richly  deserves. 


WRITE  FOR  GENERAL 
PRODUCTS  CATALOG 
967  0 


than  cloth, 
that  thermoplastic  sheeting  needed  | 
a  longer  folding  channel  than  those* 
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from  R.  F.  SHORT  WAVE  THERAPY 


n  II 


lAAA/1 

t/UVWU 


to  R.  F.  DETONATION  OF: 


EXPLOSIVE  RIVETS 


HELM  I  J  BT  GUARDIAN 

From  rebuilding  human  bodies — to  riveting  aircraft  structures  .  .  .  from  case  harden¬ 
ing  of  metals  to  plywood  glueing  .  .  .  wherever  a  tube  is  used,  there  you  will  usually 
And  a  relay.  Oscillator  tubes  such  as  are  used  to  generate  radio  frequencies  in  dia- 
llicrmy  machines  and  detonators  for  explosive  rivets  usually  require  a  "warm  up”  of 
20  to  30  seconds  to  allow  the  tube  filaments  to  heat.  The  Guardian  Time  Delay  Relay 
T-100  is  frequently  used  in  applications  of  this  type. 

The  time  delay  is  adjustable  for  any  period  between  10  and  60  seconds  and  is  accom¬ 
plished  by  means  of  a  resistance  wound  bi-metal  in  series  with  a  resistor,  not  shown. 
The  contact  capacity  of  the  T-100  is  1500  watts  on  1 10  volt,  60  cycle,  non-inductive  AC. 
The  power  consumption  of  coil  and  time  delay  during  closing  cd  thfqrfnostotic  blade  is 
epproximately  10  VA;  after  closing,  5.5  VA.  Other  types  of  relays  cobimonly  used  in 
conjunction  with  oscillator  tubes  ore  the  B-100  Break-In  Relay  for  power  supply  control, 
end  the  X-100  Adjustable  Overload  Relay  for  power  supply  and  tube  protection.  These 
end  other  R.F.  relays  are  described  in  Bulletin  R-5.  Send  for  it.  No  obligation. 


v-/  • 

i' 

iMill  L 


t  S  ’  «c  kp.  Wi 


T-100  Time  Delay  Relay 


U25-JWEST  WAINUT  STREET 


CHICAGO,  IlllNOIS 


A  COMPLETE  LINE  OF  RELAYS  SERVING  AMERICAN  WAR  INDUSTRY 
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ordinarily  ‘  provided  in  comme  cic 
hemming  attachments.  When  such 
folding  channel  is  provided  a  ur 
form  hem  can  readily  be]  made, 
cross-section  of  a  wide  heri^boridf 
with  a  double  wheel,  is  showa  i 
Fig.  6C. 

It  is  frequently  desirable  to  joi 
two  sheets  of  material  by  a  lapped  o 
imitation  strap  seam,  in  which 
double  stitch  is  ordinarily  utilize. 
Attachments  available  for  doinjr  th' 
precisely  assist  the  operator  of  th 
electronic  sewing  machine  in  m.ikir 
such  a  seam  with  thermoplastic  n: 
terials  as  shown  in  Fig.  6D.  It  is  a 
parent  that  a  double  wheel  is  des; 
able  for  this  operation. 


Expcritae*  With  Various  Matcriali 


i 


i 


A  summary  of  our  experieno 
with  four  synthetic  sheet  material! 
is  given  in  Fig.  1.  Pliofilm  and  Viny 
lite  proved  easiest  to  use  in  the  par 
ticular  machine  under  discussion 
Most  of  the  experimental  work  oi 
Koroseal,  which  was  done  on  mate 
rial  0.001  inch  thick,  indicated  that  i 
did  not  seal  completely  in  the  elw 
tronic  sewing  machine  since  the  cok 
electrodes  conducted  heat  too  rapid!] 
away  from  the  interface.  This  neces 
sitated  excessive  voltages  across  thi 
seam  in  order  to  supply  the  conduc 
tion  losses  and,  consequently,  ther 
was  freouent  arcing  through  the  ma 
terial.  This  experience  was  predic 
by  the  theoretical  curves  of  Fig. 
which  show  that  power  concentratioi 
and  field  strength  rise  sharply  foi 
thin  materials.  It  was  particular!; 
noted,  however,  that  the  use  of 
narrow  Vinylite  tape  between  lave 
of  Koroseal  made  an  excellent  bon(j 
with  all  tendency  to  arc  eliminated 
The  same  satisfactory  result  was  als 
accomplished  by  using  the  bindin 
attachment  with  Vinylite  tape.  Thei 
may  be  distinct  advantage  in  the  i' 
of  two  materials  for  some  applie 
tions. 

When  fabricating  materials  tiia 
break  down  easily,  the  use  of  highe 
frequencies  should  be  considers 
Saran,  for  example,  is  a  valuable  m 
terial  because  of  its  chemical  inerrj 
ness.  However,  it  has  a  relatively  1'^ 
power  factor,  hence  higher  voltap 
must  be  generated  across  a  seam  t 
get  sufficient  heating  in  the  materia! 

Its  voltage  resistivity  is  also  low,  ^ 
that  electrical  breakdown  occurs  a: 
no  satisfactory  bond  is  possible  at  li 
megacycles.  At  60  megacycles,  /r- 
improvement  was  noted  and  excellerBuy  Wa 
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Successful  Television  came  into  view  with  the 


development  of  the  cathode  ray  tube 


which  gave  it  definition  —  translating 


millions  of  electrical  impulses 


per  second  into  animated 


reproductions  of  scenes 


occurring  at  other  points. 


*  RAULAND  tubes  played 


a  major  part  in  this  epochal 


possible  practical  television 


screens.  Significant  facts  like  these 


point  the  way  to  effective  post-war  planning 


Illustrated  above  it  a 
15-inch  Cothode  Ray  Tube 


nADIO  ...SOVND 


COMMUNICATIONS  \ 


Electroneering  is  our  business 
THE  RAULAND  CORPORATION  .  .  .  CHICAGO,  ILLINOIS 

s  and  Stamps!  Rauland  employees  are  still  investing  10%  of  their  salaries  in  War  Bonds 
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/icUCed 


seams  were  possible  for  a  total  tl  ick- 
ness  greater  than  0.005  inch.  For 
sheets  one  or  two  thousands  of  ar;; 
inch  thick  the  results  were  erratic 
which  indicated  that  the  use  of  a  .ti;; 
higher  frequency  should  solve  the 
problem  of  bonding  this  or  other  rna- 
terial  of  similar  characteristics. 


Typical  ManafaeturiRg  Uses 

Some  general  categories  of  use  for 
thermoplastic  sheeting  of  the  types 
referred  to  are  briefly  discussed . 

Wearing  Apparel — Raincoats  and 
protective  coverings  are  not  neces- 
sarily  completely  moisture-proof 
when  sewed  together  by  conven- 
For  the  sake  of  era- 


^  SYMBOLIZING 
(ontinued  EXCELLENCE 
IN  WAR  PRODUCTION 


tional  means, 
phasis  it  is  desirable  to  repeat  that 
it  is  frequently  necessary  to  cement 
seams  both  before  and  after  stitch¬ 
ing  to  make  them  completely  im¬ 
pervious  to  moisture.  Also,  the  per¬ 
foration  of  needles  through  the 
material  weakens  it  and  permits  high 
concentration  of  force  around  the 
needle  holes.  With  radio-frequency 
bonding  this  is  not  the  case  so  that, 
in  addition  to  obtaining  tight  seam?, 
the  strength  of  the  finished  article 
is  improved. 

Packaging — Most  thermoplastic 
sheet-materials  are  particularly  use¬ 
ful  in  that  they  are  highly  impervi 
ous  to  gases,  are  chemically  inert  as 
well  as  physically  strong.  The  pack¬ 
aging  industry  has  become  con¬ 
scious  of  these  advantages  and  from 
trends  already  noted  it  appear? 
likely  that  widespread  use  will  be 
made  of  such  materials  in  the  pack 
^ing^  field  in  the  future.  The  reli¬ 
able  seal  tha^can  be  made  when  in- 


FUNDAMENTALS  OF 
ELECTRICITY 


This  group  of  WACs  at  on  olectrical  is- 
■tituto  in  Nowaik.  N.  J..  are  working  out 
preliminary  experiments  to  get  acquainttd 
with  some  electrical  properties  of  circii 
components  used  in  a-c  electrical  circuit!- 
It  sounds  technical — but  these  WACs 
are  Corporal  Technicians 
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WILCOX  EQUIPMENT 

Proves  Dependable 
for  Eastern  Air  Lines 


;al  ia- 
i«  otH 
ainlt^ 
ciicaH 
iraiila 
WACj 


Photo,  Courtesy  Eastern  Air  Lines 


Communicotion  RocoivoTs  Today,  the  experience  of  years  in  manufacturing 

AiTCToft  Rodio  flight  control  radio  equipment  is  turned  to  produc- 

Tronsmitting  Equipmont  tion  foF  military  needs.  Tomorrow,  this  added  ex- 
Airiino  Rodio  Equipmonfc  perience  with  present  developments  will  be  reflected 

in  greater  radio  advantages  for  a  peacetime  world. 

|f Ay  I  WILCOX  ELECTRIC  COMPANY 

M  Bk  m  Quality  Manufacturing  of  Radio  Equipment 

^  r  i4th  A  CHESTNUT  KANSAS  CITY,  MO. 

THERE  MUST  BE  DEPENDABLE  COMMUNICATIONS 
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I  N.ara. 


CAPACITORS 


PAPER,  OIL  AND  ELECTROLYTIC 

INDUSTRIAL 

CONDENSER 

CORPORATION 

1725  W.  NORTH  AVE.,  CHICAGO,  U.  S.  A 


DISTRICT  OFFICES  IN  PRINCIPAL  CITIES 
QUICK  DELIVERY  FROM  DISTRIBUTOR'S  STOCKS 


industrial 
condeiisers 
\RE  IN 
service 
WORLD  OVEl 

WITH- 


EUECtRtC 


;01ll«VSiaWt*S 


Parti  of  radio  transmitting  tubis  are  heat 
treated  in  this  hydrogen  furnace  at  the 
Westinghouse  Lamp  Die..  Bloomfield.  N.  I., 
to  driTo  out  any  traces  of  gas  which  may 
bo  imprisoned  within  the  metal.  Burning 
hydrogen  preTonts  oxidertion  and  proridet 
temperatures  around  2100  deg.  F.  Alter 
this  treatment  and  unless  the  parts  are  to 
be  used  immediately  in  manufacture,  they 
ore  placed  in  a  eacuum  storage  container 
to  guord  against  their  reabsorbing  oir  or 
other  gases 


ELECTRONICS 


1 

ND  OF  THE  TOMMY  GU\,.. 

jcomes  fheh^arch  engineer/ng  skill 
to  speeh  M/afg/me  manufacture  and 
solve  postvtf^ production  problems 


INDUSTRIES 

t  Division  of  Aufo- Ordnance  Corporation 

GREENWICH  •  STAMFORD  •  BRIDGEPORT  •  NEW  YORK 

0Our  fighting  forces  needed  Thompson  Submachine  Guns  . . . 
thousands  . . .  fasfl  Auto-Ordnance  Corporation  has  produced 
them  on  time! 

The  arsenal  of  freedom  required  tools  of  war  production.  Auto- 
Ordnance's  Thompson  Tool  Division  helped  — is  helping  — to 
supply  them  I  t 

The  research  engineering  skill  that  has  made  good  in  the  business 
of  developing  and  producing  guns,  tools,  vacuum  tubes  of  both 
standard  and  special  types,  and  other  such  weapons  of  Victory 
has  achieved  even  greater,  though  secret,  accomplishments  in 
the  fields  of  Electronics,  Hydraulics  and  Electromechanics ! 

Many  industrial  leaders  are  already  planning  to  "get  the  jump" 
on  competitors  after  the  war,  with  electronic  devices  to  reduce 
production  time,  cut  costs  and  improve  precision  manufacture. 
Perhaps  we  can  make  a  notable  contribution  to  your  planning. 
Write  to  Engineering  Department,  General  Electronic  Industries, 
342  West  Putnam  Avenue,  Greenwich,  Connecticut. 


PRODUCTS  MANUFACTURED  INCLUDE  ELECTRONIC  CONTROLS  •  VACUUM  TUBES 
HYDRAULIC  SERVOS  •  ELECTROMECHANICAL  DEVICES 


Army-Navy  "E"  avrordad  to 
Auto-Ordnonca  Corporation 
for  axcallanca  in  production 
.  of  "Tommy"  Guns. 
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Case  Hardening  with 
R-F  Elnergy 

Uniformly  hardened  cases  0.005 
to  0.030  inch  deep  and  controllable  to 
■within  0.001  inch  have  been  pro¬ 
duced  on  steel  objects  with  5-Mc  r-f 
energy  generated  by  power  vacuum 
tubes,  using  techniques  described  by 
V.  W.  Sherman  in  Vol.  21,  No.  2  of 
Electrical  Communication. 

Common  faults  of  r-f  surface  heat 
treatment,  namely  excessive  pene¬ 
tration  of  heat  and  nonuniform  heat¬ 
ing  of  the  metal  to  be  hardened,  are 
generally  due  either  to  too  low  a  fre¬ 
quency  or  to  a  heating  rate  so  low 
that  the  heating  period  must  be  15 
sec  or  more.  Heating  power  should 
therefore  be  equivalent  to  several 
times  the  conduction  loss,  and  the 
time  of  treatment  must  be  kept  short 
enough  to  minimize  conduction  dras¬ 
tically.  Since  there  is  usually  no  ex¬ 
cuse  for  hardening  to  a  depth  much 
in  excess  of  allowable  future  wear, 
except  possibly  where  impact  load  is 
high,  it  appears  that  the  cost  of  heat- 
treatment  is  justified  only  in  a  layer 
up  to  about  0.030  inch  deep. 

Freedom  from  scaling  or  severe 
oxidation  can  be  secured  through  re¬ 
duction  of  time  just  as  readily  as 
through  reduction  of  temperature. 
When  the  heat  treatment  is  com¬ 
pleted  in  one  second  or  less,  there  is 
no  scaling  even  in  ordinary  atmos¬ 
phere,  and  the  time  is  just  barely 
sufficient  to  produce  a  blue  oxide 
color.  With  r-f  heating  methods,  it  is 
thoroughly  practical  to  conduct  the 
treatment  in  a  controlled  atmosphere 
like  hydrogen  and  thus  prevent  oxi¬ 
dation. 

Process  of  Heat  Generation 

An  induction  heating  work  coil  en¬ 
closing  an  iron  object  constitutes  a 
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mum  secondary  current  can  lot 
ceed  1000  amp  in  this  example, 
Not  all  of  the  primary  f1  ix 
thread  the  secondary,  howe  er, 
170  cause  of  the  need  for  insulation; 
mechanical  clearance  between 
and  work.  If  only  50  percent  of 
J70  primary  flux  links  with  the  surf 
of  the  work,  only  500  ami>  wi] 
176  actually  be  available  for  general 
heat  in  the  work.  It  follows,  tf 
that  the  rate  of  heating  in  the  mi 
104  can  under  given  conditions  be 
creased  only  by  increasing  the 
186  sistance  of  the  surface  layer  inw:; 
the  current  is  confined. 

.  ....  ..  Resistance  versus  Frequency 

transformer  in  which  the  surface  ' 

layer  of  the  object  is  a  single-turn  The  thickness  of  the  layer 
short-circuited  secondary.  The  cur-  which  the  current  is  confined  can 
rent  I  induced  in  this  secondary  flows  shown  to  vary  inversely  as  the  sq 
through  a  resistance  R  and  develops  root  of  the  frequency.  Thus,  if  f 
heat  at  a  rate  equal  to  PR.  If  a  quency  is  increased  from  1  to  4 ! 
given  coil  has  say  10  turns  and  the  the  thickness  is  reduced  to  <me  h: 
equipment  can  send  100  amp  through  the  secondary  resistance  is  doui.l 
these  turns,  the  maximum  ampere-  and  the  heat  developed  by  the  av 
turns  available  for  heat-treating  pur-  able  current  is  also  doubled, 
poses  is  1000.  Since  the  secondary  The  problem  of  keeping  the  re: 
has  one  turn,  the  theoretical  maxi-  tance  high  becomes  increasinjily 


Case  Hardening  with  R-F  Energy . 

Light  Source  ior  Photoelectric  Radiometry . 

Tristimulus  Colorimeter . 

Harmonics  of  Quartz  Crystals  Control  VHF  OsciUotors 

Supersonic  Research  Abroad . .  ^ . ,. . . . 

Data  on  New  Acoustic  Stethoscope . 

Pressure  of  Gunpowder  is  Recorded  with  Oscillograph 


DEVICE  RATES  PARALYTICS 


Mri.  Dorothy  Hampton  is  shown  with  the  electrode  of  a  new  derice  olfixed  to 
her  arm.  The  iiutrument,  dereloped  under  a  grant  of  the  National  Foundation 
for  Infantile  Paralysis,  tests  the  paralysed  muscles  to  determine  immediately 
whether  there  is  any  chance  of  restoring  them  to  normalcy.  The  derice  war 
recently  demonstrated  in  Washington.  D.  C..  ond  is  interesting  in  that,  appoT' 
ently,  traces  of  the  muscle  potential  are  shown  on  a  cothode-ray  tube  screen 


ELECTK0^ 


August  1943 


This  amazing  electron  microscope,  de« 
veloped  in  the  RCA  Laboratories, 
explores  new  sub-microscopic  worlds  not 
revealed  by  light  waves.  It  is  from  50  to  100  times 


more  powerful  than  the  strongest  optical  micro¬ 
scope.  Magnifications  up  to  100,000  diameters 
are  obtainable. 


The  use  of  Ohmite  Rheostats  and  Resistors  in  the 
circuits  of  such  an  advanced  electronic  instrument 
is  a  tribute  to  their  quality  and  performance. 


Ohmite  Products  are  used  today  for  accurate,  de¬ 
pendable  control-by-resistance  in  many  electronic 
and  electrical  devices ...  in  laboratory  apparatus,  in 
fighting  equipment,  in  scientific  instruments,  and 
in  the  production  tools  of  war.  These  resistance 
units  will  be  ready  to  serve  the  new  electronic  age 
to  come . . .  after  Viaory  is  won.  Ohmite  engineers 
are  glad  to  work  with  you  on  any  control  problem. 


Send  for  Catalog  and  Engineering 
Manual  No.  40 

Write  on  company  letterhead  for  helpful  96-page 
guide  in  the  selection  and  application  of  rheostats, 
resistors,  tap  switches,  chokes  and  attenuators. 


OHMITE  MANUFACTURING  COMPANY 

4817  FLOURNOY  STREET  •  C  H  I  C  A  G  O.  U.  S.  A. 
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COMDUCTIOM 
iJHtui' UlTMl  wau 
TO  7S*T  WOTta 


\ 

\ 

\ 

coffta 


ala  BEYOMD 

the  call  of  porr” 


Men  of  the  Signal  Corps  are  per¬ 
forming  miracles  in  this  war. 
Decorations  are  being  presented  to 
those  valiant  soldiers  for  performances 
"above  and  beyond  the  call  of  duty.'’ 
And  Murdock  Radio  Phones  are  their 
"ears.”  Precision  built  "above  and  be¬ 
yond”  Signal  Corps  specifications,  they 
are  sensitive  to  scientific  exactness,  and 
dependable.  See  these  unusual  Radio 
Phones.  Send  to  Dept.  63  for  cata¬ 
logue. 


TTIurdock 


RADIO 

PHONES 


J.  Murdock  Go.' 

Chelsea,  Mass. 


nvat  lOM  curres  for  two  repre--n'ci;;,, 
motaU  with  surfacos  hootod  by  radio 
iroquoncy  energy.  The  loM  of  hw 
through  conduction  U  euificiently  greet !; 
permit  eeli-quenching  of  the  surioci 
(without  immersion  in  a  liquid  after  het: 
ing)  in  many  types  of  obfects 


portant  as  the  diameter  of  the  woii 
becomes  smaller.  For  example,  tli 
resistance  of  the  current-carryii( 
path  in  a  i-inch  diameter  piece  i 
only  25  percent  of  that  in  a  l-in  ) 
diameter  piece.  With  definite  lirr: 
tations  on  the  output  of  the  indui 
tion  heating  unit,  on  the  curreiii 
carrying  capacity  of  the  work  cii! 
on  the  number  of  turns  in  the  n  il 
and  on  the  coefficient  of  couplin. 
there  thus  remains  only  the  contr 
<^^|^{^bcpndary  resistance  by  exploita 
high-frequency  skin  effect. 

Th^e  rates  of^oss  of  energy  from: 
heated  metal  si^rf ace  to  air  and  to  a: 
inner  mass  of  metal  are  shown  in  tb 
^ccompanyin#*grai^h  for  two  repre 
sentative  metals,  iron  and  copp^" 
These  curves  indicate  that  for  a! 
practical  purposes  the  radiation  los' 
is  negligible  compared  to  the  condiu 
tion  loss  of  heat.  The  curves  also  ir. 
dicate  that  the  minimum  heatii 
rate  in  kw  per  sq  in  should^  he  a‘ 
least  double  that  of  the  conductic 
loss  if  nonuniform  deep  heating  oi 
th^  work  is  to  be  avoided. 

'  The  paper  contains  a  number  ol 
excellent  macrophotographs  and  nuc- 
rophotographs  of  specimens  haviC; 
surfaces  heated  by  radio-frequencj 
energy,  with  interpretations  of  rf 
suits  in  each  case. 
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0.00002  to  10,000  VOLTS! 


BALLANTINE 

ELECTRONIC 

|AC  VOLTMETER 

a  AND  ACCESSORIES 


MODEL  300  ^ 

ELECTRONIC 

VOLTMETER 


MODEL  505 
ARTIFICIAL  EAR 


®  MODEL  220 
DECADE  AMPLIFIER 


MODEL  402 
MULTIPLIER 


MODELVP-5 

VIBRATION 

PICKUP 


This  enormous  range  of  voltages — five  hundred  mil¬ 
lion  to  one — is  accurately  covered  by  our  Model  300 
Electronic  Voltmeter  and  some  of  the  accessories 
shown  above.  Frequency  range  10  to  150,000  cycles. 
Accuracy  2%  over  most  of  the  range.  AC  operation. 
Five  decade  ranges  with  logarithmic  scale  make  read¬ 
ings  especially  easy.  Uniform  decibel  scale  also  pro¬ 
vided.  Over  a  thousand  of  these  instruments  are 
giving  excellent  service  in  Government,  commercial 
and  university  laboratories  and  factories. 

Send  for  Bulletin  8 
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V^NE  of 
damental  measu 
every  branch  of  eV 
that  of  impedance. 


Radio  fretptency  bridge  in 
broadcasting  station. 
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Tristimulus  Colorimeter 

The  development  and  use  of  p 
cision  photoelectric  methods  fc-r  ei 
uating  the  appearance  of  mater; 
is  described  in  46-page  Bureau 
Standards  Circular  C429,  “Ph, 
electric  Tristimulus  Colorimetry 
Three  Filters”,  by  Richard  S.  Hur 
(obtainable  from  Supt.  of  D 
ments,  Washington,  D.  C.  for 
cents  coin). 

A  tristimulus  colorimeter  m> 
ures  a  color  stimulus  in  terms 
three  selected  stimuli  called  j 
maries.  The  ideal  source-fil  er  p 
totube  combination  for  the  ph, 
electric  tristimulus  colorimeter 
those  spectrally  equivalent  to 
1931  ICI  standard  observer  for  ( 
orinffetry  in  combination  with  an 
propriate  illuminant.  Although 
best  available  combinations  do 
quite  meet  this  requirement,  th 
are  many  problems  of  color  measu 
ment  to  which  this  direct  and  ra 
color  measurement  procedure  n 
be  advantageously  applied. 

The  Circular  reviews  the  use 
photoelectric  cells  for  color  meav 
ments,  gives  a  3-page  list  of  ten 
symbols  and  definitions  applying' 
the  subject,  and  analyzes  the  pr 
lems  involved  in  measuring  color  d 
ferences  as  small  as  those 
trained  inspectors  of  paint,  texti 
plastic,  paper  and  ceramic  prod 
can  see.  Possible  errors  are  taken  i 
and  instructions  are  given  for  c 
verting  photoelectric  tristimulus  da 
to  eight  different  usable  forms  f 
various  industrial  purposes.  T 
bibliography  contains  51  referti. 


There  Goes  The 

IMPROVED  GATES  TRANSMITTER 


YouHl  Want  Tomorrow! 


A  few  years  ago  we  “got  a  kick”  when  a  broadcasting 
station  in  Alaska  bought  Cates  equipment — Alaska  seemed 
so  far  away  .  .  .  and  names  like  Salamaua  and  Messina  were 
peaces  we  left  behind  in  our  geography  books. 

But  today,  we  at  Gates  suddenly  find  ourselves  at  the 
crossroads  of  the  world.  Every  day  Gates  transmitters,  tun¬ 
ing  and  control  units,  amplifiers  and  remote  equipment 
start  on  their  journey  to  the  many  odd-named  war  fronts. 

Our  experience  of  over  21  years  of  good  designing,  dur¬ 
able  construction  and  assured  performance,  stand  behind 
every  Gates  product.  To  this  has  been  added  new  methods 
of  engineering,  improved  efficiency.  These  developments 
are  vital  to  our  Armed  Forces  and  of  great  significance  to 
you  who  have  plans  in  post-war  radio. 

Our  engineering  staff  stands  ready  to  assist  and 
advise  on  the  maintenance  of  your  present  equip¬ 
ment — whether  you  are  Gates-equipped,  or  not. 


High  Harmonics  of  Quartz 
Crystals  Control  VHF 
Oscillator  Circuits 

The  development  of  a  circuit  tlj 
permits  utilization  of  crystal 
monies  at  least  as  high  as  the  23| 
now  makes  possible  the  construc'i 
of  a  crystal-controlled  oscillator  ci 
cuit  operating^  at  frequencies  as  b'j 
as  160  Me,  using  crystals  with  fui ' 
mental  frequencies  below  10  Me. 

The  theory  of  the  new  circuit 
presented  by  I.  E.  Fair  in  the  A? 
1943  Bell  Laboratories  Record.  Pr 
tically  all  circuits  used  for  quai 
crystal  oscillators  require  that ' 
reactance  of  the  crystal  be 
at  the  operating  point.  The  <‘i|u; 
lent  circuit  of  a  crystal,  making 


RADIO  AND  SUPPLY  CO 


Manufacturing  Engineers  Since  1922 
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IFYDUCANTGD^ 
^^AkOUNb-  *  • 


Don't  cramp  your  style  by  trying  to  stick 
too  rigidly  to  the  "straight  and  narrow 
path"  in  remote  control  and  light  power 
transmission.  With  WALKER-TURNER 
FLEXIBLE  SHAFTING  you  can  take  your 
choice  between  going  through  or  going 
around.  Oftentimes  it  offers  the  only  prac¬ 
ticable  solution  to  knotty  problems  in 
mechanical  design,  as  many  aircraft 
builders — among  others — have  learned. 
Maybe  you  are  struggling  with  some 
application  today  on  which  you  could 
use  a  little  of  our  experience.  Take  it 
up  with  us. 

WALKER-TURNER  COMPANY,  INC. 

1483  BERCKMAN  STREET  PLAINFIELD.  N.  J. 


FLEXIBLE  SHAFTING 

FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


ycrnay  ICS  — August  1943 


(r(r^ — 


lUHlKIE-iniKIES 


U.  S.  Army  Signal  Carp*  Photo. 
Boek-carriod  Walkm-Talkio  two-way 
voice  radio 

★ 


•  There  can  be  no  time  lost  where  instant  reports  of 
enemy  actions  must  be  relayed, — for  split  seconds  lost  may 
mean  unnecessary  sacrifice  of  men  and  equipment. 

For  the  nK>dern  Walkie-Talkies  of  the  U.  S.  Army  Signal 
Corps,  nothing  short  of  complete  reliability  is  required  of  the 
transformers  used,  and  the  tens  of  thousands  of  Jefferson  Elec¬ 
tric  Transformers  have  proven  their  reliability,  long  useful  life, 
and  freedom  from  unnecessary  servicing  in  the  field  of  combat 
where  time  and  manpower  must  be  saved  .  .  .  JEFFERSON 
ELECTRIC  COMPANY,  Bellwood  (Suburb  of  Chicago),  Illinois. 
Canadian  Factory:  60-64  Osier  Ave.,  W.  Toronto,  Ont. 


Fig.  2 — New  oscillator  circuit  (above)  <r. 
equivalent  circuit  (below)  lor  o!<iair^ 
quarts  crystal  control  at  frequencies  up 
ISO  Me 
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THESE  RESISTOR  WATTAGE 
ATINGS  MEAN  WHAT  THEY  SAY 


Regardless  of  the  ohmic  values 


If  it’s  a  5-watt  Koolohm,  use  it  at  its  full  5-watt  rating — regard¬ 
less  of  whether  it  has  a  1  ohm  or  a  40,000  ohm  value !  If  it’s  a 
10- watt  Koolohm  you  can  count  on  it  dissipating  a  full  10  watts 
whether  the  resistance  value  is  1  ohm  or  70,000  ohms ! 

In  brief,  there’s  no  need  to  “play  safe”  with  Koolohms.  You 
don’t  have  to  use  a  larger  resistor  than  you  actually  require. 
You  can  forget  your  worries  as  to  whether  the  wire  size  is  big 
enough  to  carry  the  current  and  the  resistor  body  large  enough 
to  withstand  the  temperature  rise  involved.  You  can  use  any 
Koolohm  at  its  Jull  wattage  rating — any  time,  anywhere  I 

This  freedom  of  use  is  made  possible  because  Koolohm 
design  is  based  upon  a  time-tested,  inorganic  insulating  material. 
This  is  sintered  on  the  wire  bejore  it  is  wound — at  1000®  C. ! 
The  insulation  is  flexible,  and  has  a  dielectric  strength  of 
350  volts  per  mil  at  400®  C. ! 

Samples  free  to  industrial  users.  Catalog  on  request  to  all 
who  are  interested  in  better,  more  dependable  resistors. 

SPRAGUE  SPECIALTIES  CO.,  Resistor  Division,  North  Adams,  Mass. 


koolohw 
]  WIRE 

h  2V» 

/  times 
/  larger 


U  Koolohm 

MthoughK<^‘  varger- 

often  wire  ^  A 

resistors,  thei  ^^^ss- 

times  ises*^* 

sectional  j  in  the  higl 

..npon«^ 
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fine  *  ts  involved  i 

carry  the  cur  ^  .fton,  / 

power  resist©  V  orrosi 

^  -■‘‘''^'‘otradon  in  hr 

effects  of  saje  w 

humidities 

\  Koolohms 


KEGISTEEED  TKADEMARK 


rOWER  WIRE  WOUND  RESISTORS  AND  METER  MULTIPLIERS 

|l  Kf.  I  RONlCS 
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. .  in  World-Wide  Aerial  Warfare! 

*  Pygmies  in  size,  but  giants  in  achievement  are  WiLCO  Thermometals  (ther¬ 
mostatic  bimetals)  and  WiLCO  Electrical  Contacts. 

Either  paired  with  the  correct  WiLCO  Thermometal,  or  used  alone.  WiLCO 
Aeralloy  Aircraft  Magneto  Contacts  are  doing  their  part  to  assure  smooth  air¬ 
plane  performance.  Other  WiLCO  Electrical  Contacts  are  giving  equally  depend¬ 
able  service  in  tank,  ship  and  gun  applications. 

WiLCO  Thermometals,  either  separately  or  in  conjunction  with  WiLCO  Elec¬ 
trical  Contacts,  are  being  used  with  the  same  success  for  aircraft  oil  temperature 
control  and  in  various  instruments  for  the  Army  and  Navy. 

Both  Available  From  One  Source 

The  facilities  of  The  H.  A.  Wilson  Company  permit  manufacturing  cus¬ 
tomers  to  secure  both  electrical  contacts  and  thermostatic  bimetal  from  a  single 
source.  This  is  important  because  materials  from  these  two  groups  are  fre¬ 
quently  used  in  conjunction,  as  parts  in  the  same  device.  The  most  effective 
use  of  one  necessitates  a  knowledge  of  the  other. 

WiLCO  Products  are:  Contacts — Silver,  Platinum,  Alloys,  Powder  Metal. 
Thermostatic  Meted — High  and  Low  Temperature  with  Electrical  Resistance 
from  24  to  530  ohms  per  sq.  mil,-ft.  Precious  Metal  Collector  Rings  for  rotat¬ 
ing  controls.  Jacketed  W'ire — Silver  on  Steel,  Copper,  Invar,  or  other  combin¬ 
ations  requested. 


WiLCO  pales  and  engineering  representatives  are  famil¬ 
iar  with  both  Electrical  Contact  and  Thermometal 
application.  Send  us  your  prablem  for  analysis. 

The  H.  a.  Wilson  Company 
105  Chestnut  St.,  Newark,  N.  J. 

Branches:  Chicago  ★  Detroit 


Fig.  3 — Constructionol  datails  of  the  cryi 
lattice  unit.  It  is  small  enough  to 
mounted  on  a  standard  vacuum  lube 


shown  since  they  now  form  parts  o 
capacities  CD  and  CE.  With  the  ei 
feet  of  the  shunting  capacity  CO  rt 
moved  from  the  crystal,  positive  rt 
actance  is  obtained  even  at  high  har 
monic  frequencies. 

The  capacities  comprising  ti 
crystal  and  those  associated  witi 
it  in  the  lattice  network  are  veil 
small.  It  is  possible,  therefore,  toai 
semble  the  crystal  and  the  three  ci 
pacitors  in  a  compact  unit  which  cai 
be  mounted  on  a  tube  base.  The  con 
struction  of  this  crystal-capacitu 
network  is  shown  in  Fig.  3.  Oneci 
pacity  is  adjustable,  being  change 
by  means  of  a  threaded  screw. 


.  Supersonic  Research  Abroad 

The  propagation  of  superson: 
waves  in  wires  is  analyzed  in  a  I 
page  article  by  E.  Czerlinsky  in  tb 
Jan.  1942  Akust.  Zeitschr.  When 
the  wavelength  is  of  the  order  of  tb 
,  wire  diameter,  the  propagation  v( 
locity  falls  steadily  as  frequency  i 
I  increased.  At  higher  frequencie 
the  velocity  reaches  a  constant  vaie 
which  is  essentially  independent  ^ 
frequency. 

The  use  of  a  Poulsen  arc  genera: 
to  drive  a  magnetostriction  oscilla: 
from  which  considerable  supers  c 
power  must  be  obtained  is  deseri: 

I  by  H.  H.  Zschirnt  in  Nov. 

Hochf:  tech.  u.  Elek:  akus.  A  c  ’ 
i  mercial  20.8-kc  magnetostriction 
'  cillator  for  submarine  signiiHi  - 
;  consisting  of  nickel  stampings  " 
two  rectangular  slots  through  wh 
!  the  thick  rubber-covered  excir 
I  turns  were  wound,  was  used  in  ' 

I  first  tests.  The  arc  was  operated 
!  a  coal-gas  atmosphere,  vvith  a  ''ii' 


180 


August  1943  —  ELECTROM' 


All  over  the  embattled  world  Ken-Rad 
tubes  help  to  make  our  victory  certain 
and  complete 

Not  until  victory  can  the  story  be 
released  Then  it  will  merge  with 


the  headlines  of  electronic  triumphs 
in  the  worlds  of  tomorrow 

Industry  will  then  utilize  the  elec¬ 
tronic  developments  of  the  war  to 
produce  for  better  living 


ANSMITTING  TUBES 

ATHODE  RAY  TUBES 

! 

ecial  purpose  tubes 

TAL  AND  VHF  TUBES 


KE  NRAD 
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ALL  OVER  THE  WORLD 
YOLI’LL  EIND  KEIM-RAD 


If  you’re  working  under  pressure,  use  Arkwright  Tracing  Cloths. 
Then  you  won’t  have  to  worry  about  erasures.  You  can  erase  easily 
and  quickly  because  Arkwright  Cloths  have  a  smooth,  almost 


i 

I 


smudge-proof  surface.  And  you  ..can  ink 
over  erasures  neatly  because  both  surface 
and  base  cloth  are  strong  enough  so  they 
won’t  wear  through.  When  time  is  im¬ 
portant,  choose  tracing  cloths  carefully. 
Choose  Arkwright!  Arkwright  Finishing 
Company,  Providence,  R.  I. 


TRACING 

CLOTHS 


.1 

j 

I 

I 

i 
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cooled  copper  anode  and  a  roiatin 
carbon  in  a  transverse  magnetic  fieli 
using  a  700-volt  d-c  generator  ms  ti 
power  source.  Considerable  attei 
tion  is  given  in  the  article  to  mothoc 
of  recording  the  frequency  and  an 
plitude  fluctuations  of  the  Poulse 
arc  oscillations,  and  to  means  for  ri 
ducing  inherent  fluctuations  in  ai 
frequency. 

A  modifled  air-jet  generator  f  j 
generating  supersonic  intensities  \ 
the  order  of  1  watt  per  sq  cm  ij 
gases  rather  than  liquids  is  descri  sj 
in  a  21-page  paper  by  Ehret  aJ 
Hahnemann  in  Zeitschr.  f. 
Phys.,  23,  No.  10,  1942.  Two  wav 


X-RAY  PROVING  GROIYD 


Poweriul  x-ray  tubes  produced  at 
Westinghouse  Lamp  DiTlsion  tor  use 


white  envelope  containing  unexposed  ! 
on  the  door  of  the  test  area.  Such  fil 
are  carried  by  operators  as  a  prrcaut 
against  exposure  to  x-rays.  The  iil 
which  are  developed  regularly,  wo 
show  any  such  exposure 
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A  UNIQUE 

ENGINEERING  GROUP  IS  READY 
TO  ROLL  UP  ITS  SLEEVES  FOR  YOU! 


I.  OR  wartime  produc¬ 
tion  or  postwar  planning ...  in 
the  application  of  existing  de¬ 
vices  or  the  development  of 
new  designs . . .  we  are  ready  to 
help  you  harness  the  miracle 
of  electronics  to  your  specific 
needs.  We  have  the  back¬ 
ground:  65  years  of  constant 
cooperation  with  the  commu¬ 
nications  industry  in  all  its 
phases.  We  have  the  facilities: 
military  and  government 
agencies  may  tell  you  some  of 
the  story.  And  we  are  neither 
too  big  to  bother  with  small 
problems  .  .  .  nor  too  small  to 
I  O  succeed  with  big 
ones.  Can  we  get 
1#^*  together? 


GENERAL  OFFICES:  215  Fulton  St.,  New  York  City  •  FACTORIES  at  Brooklyn,  N.  Y 


and  tAfana^ac fillets  |  ^ 
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Data  on  New  Acoustic 
Stethoscope 

By  Harry  F.  Olson 

RCA  Mfg.  Co.,  Camden.  .V.  J. 

I  The  EMPLOYMENT  of  a  reversed  ape. 

j  tube  in  a  new  stethoscope  developei 
in  RCA  Laboratories  promises  tc 
widen  considerably  the  study  ol 
sounds  produced  within  the  humaii 
body,  such  as  normal  heart  sounds 
heart  murmurs,  breathing  sound? 
respiratory  rales  and  rattles,  and 
peristaltic  squeaks  or  groans. 

1  The  new  instrument  transmits  all 
frequencies  over  the  range  from  40 
to  4000  cycles  without  discrimination 
or  appreciable  attenuation,  whereas 
an  ordinary  stethoscope  has  an  effec¬ 
tive  range  of  only  200  to  1500  cycles. 
So  many  new  sounds  are  heard  that 
a  filter  controlled  by  a  knob  has  bee.n 
built  into  the  instrument  to  per¬ 
mit  limiting  its  range  until  the  mean 
ings  of  the  new  sounds  can  be  d 
termined  by  further  study. 


Fig.  1 — Arrangement  used  to  obtain  the 
frequency  response  characteristic  of  o 
stethoscope 


The  arrangement  used  for  compar¬ 
ing  response  characteristics  of 
stethoscopes  is  shown  in  Fig.  1. 
Sound  vibrations  were  developed  in 
the  human  body  by  means  of  a  suba¬ 
queous  loudspeaker  fed  by  an  audio 
amplifier  and  audio  signal  generator. 
An  artificial  ear  was  first  held  di¬ 
rectly  against  the  opposite  side  of  the 
body  to  secure  a  reference  charac¬ 
teristic,  and  different  stethoscopes  in 
turn  were  then  introduced  between 
the  artificial  ear  and  the  body.  The 
resulting  frequency  response  charac¬ 
teristics  are  shown  in  Fig.  2  for  the 
new  acoustic  stethoscope  and  two 
other  types. 

The  output  of  the  acoustic  steth¬ 
oscope  is  essentially  flat,  and  is 
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,  of  course,  that 
electronic  applications  can  be 
made  in  almost  any  industry  . . .  can 
help  in  the  making  of  almost  any  product. 
What  you  may  not  know  is  that  Operadio  engineers 
have  helped  develop  some  of  the  most  advanced 
electronic  devices  of  World  War  II,  and 
Operadio  craftsmen  have  helped  build  them! 
Wlien  you  need  help  with  electronic  problems 
involving  design,  engineering,  or  contract 
manufacturing,  let  Operadio  supplement 
your  own  facilities,  serving  as  your 
electronics  development  and  manu¬ 
facturing  division.  Come  to  Oper.vdio! 

OPIRADIO  MANUFACTURINO  CO.,  ST.  CHARLU,  lU. 


I 
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INSULATED 


— -  --  •  '  __;3  ..■- 

Have  S  Inherent  Advantages 


O  COMniTllY  INCIOSID 
O  cRiAm 

MKHANIUL  SmtteTH 

O  f*ORt  DIRICT  AND  UNIFORM 
aiCTRKAL  PATH 

QcAN  Bl  LOCATED 
ANYWHlRt  IN  CHASSIS 

O  BTTTfff  PROTtCTION 
AGAINST  HUMIDITY 


★  INVEST  TODAY  IN  ★ 
BONDS  FOR  VICTORY 


WHAT  do  the  five  advantages  of  Insulated 
Ceramicons  listed  here  mean  to  you  ?  From 
the  standpoint  of  design,  they  mean  a  more  com¬ 
pact,  efficient  lay-out.  Insulated  Ceramicons  can 
be  located  anywhere  in  the  chassis  without  regard 
to  the  proximity  of  other  components.  They  make 
possible  shorter  leads  which  are  musts  in  higher 
frequency  circuits.  They  mean  greater  protection 
against  humidity  ...  so  important  in  today's  mili¬ 
tary  equipment.  They  provide  extra  insurance 
against  breakage  in  handling  on  the  assembly 
lines  or  damage  from  shock  and  vibration  in 
actual  service.  The  method  of  attaching  wire 
leads  to  the  silver  electrodes  provides  a  more 
uniforin  and  direct  electrical  path. 

Erie  Insulated  Ceramicons,  for  temperature 
compensating  applications,  are  made  in  three 
sizes  and  in  capacities  up  to  37 5  mmf .  Erie  "Hi-K" 
Insulated  Ceramicons,  for  by-pass  and  blocking 
condensers,  are  available  up  to  5,000  mmf. 

Where  your  specifications  call  for  ca¬ 
pacities  within  the  above  ranges,  specify  Erie 
Insulated  Ceramicons. 

For  complete  information  covering  operat¬ 
ing  characteristics  of  Erie  Insulated  Ceramicons, 
write  for  data  sheet. 


ERIE  RESISTOR  CORP.,  ERIE,  PA. 


LONDON,  ENGLAND  •  TORONTO,  CANADA. 


^Radioactivity  is  rapidly  gaining  importanc^ 
as  a  tool  for  research  and  industry.  Devel¬ 
opments  in  this  field  are  calling  for  reliable, 
specialized  equipment  at  reasonable  cost.  It 
is  to  All  this  need  that  Cyclotron  Specialties 
offers  two  new  pieces  of  equipment  indis¬ 
pensable  for  work  in  radioactivity,  wheth¬ 
er  research,  industrial  or  medical.  The 
Impulse  Register  and 
the  Geiger  Muller 
Counter,  here  illus- 
t  rated,  will  measure 
up  to  the  most  exact- 

ing  requirements  of  ^ 

’adioactivity  work.  ^ 


IMPULSE  REGISTER 


The  finest  piece  of  apparatus  of  this 


sort  available.  It  will  accurately  reg 


ister  up  to  sixty  impulses  per  second. 


and  will  solve  your  problems  in 
either  high  speed  impulse  recording, 
o  ■  ■  ' 


Hill 


Cyclotron  Specialties  Equipment  is  being  developed  in  close  co-opera¬ 
tion  with  outstanding  investigators  in  the  field  of  radioactivity.  Both 
the  G-M  Counter  and  the  Impulse  Register  illustrated  above  are  rug¬ 
ged,  practically  fool-proof  pieces  of  apparatus  made  from  the  highest 
grade  materials  and  parts,  and  designed  for  dependable  performance 
under  actual  working  conditions.  Write  for  more  complete  specifications. 

CYCLOTRON  SPECIALTIES  COMPANY 

Moraga,  California 


Ezompl*  of  balliiHc  qroph  ob'.a: 


Km 


I 
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Flaws  you  never  suspected — defects  that  facture,  the  new  *^Norelco”  Searchray  can 
cause  failures  later  on  —  show  up  in  a  flash  save  you  thousands  of  dollars  and  man-hours 
when  you  put  your  product  into  the  new  of  production.  Searchray  also  has  a  definite 
"Norelco”  Searchray.  place  in  plant  protection  by  means  of  its  rapid 

Shockproof,  rayproof,  foolproof  and  readily  inspection  of  incoming  and  outgoing  pack- 
mohile,  Searchray  is  so  simply  devised  that  ages,  etc.  It  is  truly  Industry’s  X-ray 
anyone  can  operate  it.  Yet  it  discloses  in  fluor-  HANDY  MAN.  Safe — simple — inexpensive, 
oscopic  and  radiographic  views  the  internal  The  new  Searchray  is  only  one  of  the 
structure  of  parts,  sub-assemblies  and  finished  *’Norelco”  industrial  electronic  products  cre- 
products  and  many  other  units  made  of  hght  ated  for  helping  industry.  If  you  w  ant  to 
alloys,  rubber,  ceramics,  plastics  and  other  know  whether  Searchray  can  help  solve  your 
light  materials.  It  can  be  as  useful  in  the  lab-  problems,  write  today  to  North  American 
oratory  as  it  is  on  the  production  line.  Philips  and  get  the  benefit  of  our  wide 

By  its  detection  of  imj)erfections  in  mami-  experience. 


NORELCO  ELECTRONIC  PRODUCTS  BY 

NORTH  AMERICAN  PHILIPS  COMPANY,  INC 


Industrial  Electronics  Division,  419  Fourth  Ave.,  New'  York  16,  N.  A . 

Productfl  For  Victory  include  Cathode  Ray  Tube*;  Amplifier  for  indu^-trial  and  research  applications;  X-Ray  Diffraction 
Tubes;  Rectifier  Tubes;  Transmitting  Tubes;  Oscillator  Plates;  Apparatus;  Electronic  Temperature  Indicators;  Direct  Reading 
Tungsten  and  Molybdenum  in  powder,  rod,  wire  and  sheet  form;  Frequency  Meters. 

Tungsten  AHoys;  Fine  ^  ire  of  all  drawable  metals:  bare,  plated  Factories  in  Dobbs  Ferry,  N.  Y.;  Mount  Wmon,  N.  Y.  (Philips 
and  enameled;  Diamond  Dies;  Searchray  (X-ray)  Apparatus  Metalix  Corp.);  Lewiston,  Maine  (Elmet  Division). 
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SELF-LOCKING 

ACORN  PALNUTS 

Lock  Tight  —  Look  Right! 


Neat,  streamlined  appearance 
— Bolt  ends  are  covered 


Dumont  OBc'lloqraph  and 
equipment  used  to  check  powder  cha 
electronically 


to  move  in  a  path  that  constitutes 
graph  of  pressure  variations.  Tr 
oscillogram  is  photographically  ; 
corded  and  later  analyzed. 

Calibration  is  secured  in  a  r. 
manner  through  application  of 
series  of  luminous  dots  arranged ' 
a  matrix  on  the  screen,  so  that  ^ 
graph  and  matrix  are  photogiaj  ' 
simultaneously.  Each  luminous 
is  electronically  positioned  on  • 
screen  so  that  the  horizontal  or  \ 
tical  distance  between  any  two 
jacent  dots  is  a  constant  known  h. 
tor.  Readings  can  be  duplicated 
within  i  percent  by  this  method. 

The  entire  process  is  auton 
once  the  closed  container  or 
has  been  charged  and  the  circuit 
tages  adjusted.  Pressing  a  pi 
then  automatically  opens  the  an 
shutter,  turns  on  the  cathod-  r 
beam,  fires  the  charge,  switches : 
input  of  the  deflection  amidir^ 
from  bomb  chamber  to  matrix 
era  tor  so  as  to  produce  the  ma^^ 
of  dots,  turns  off  the  electron  tn 
and  closes  the  camera  shutter, 
short-persistence  blue  fluorcs 
jscreen  is  used  in  the  9-in.  diarr 
cathode-ray  tube. 


Self-Locking  Acorn  Palnuts  combine 
many  unique  advantages  as  fasten¬ 
ings  for  electronics  and  radio  equip¬ 
ment.  They  replace  ordinary  nut  and 
lockwasher — saving  one  part  and  one 
operation — yet  hold  tight  under  vi¬ 
bration  and  stress.  In  addition.  Acorn 
Palnuts  encase  unsightly  bolt  ends  in 
a  smooth  dome  of  pleasing  appear¬ 
ance. 


Made  of  tempered  itpring  steel.  Acorn  Pal¬ 
nuts  have  ail  the  features  of  other  Palnut 
Locknuts,  namely:  easy  application,  light 
weight,  low  cost,  absolute  security.  Acorn 
Palnuts  have  found  many  interesting  ap¬ 
plications.  They  may  suggest  the  answer 
to  a  fastening  problem  right  now^— or  a 
streamlined  touch  for  the  product  you  are 
planning  for  tomorrow.  Send  details  of 
your  product,  for  samples  and  data. 


Shown  above,  are  two  Acorn  Pal¬ 
nuts  holding  inside  assembly  of  I-F 
Transformer.  This  eliminates  sharp 
corners,  replaces  regular  Acorn  nut 
and  lockwasher,  saves  material  and 
assembly  time.  Regular  Palnut  is 
used  to  fasten  cap  bushing  for  per¬ 
meability  tuning  core. 


When  the  Palnut  Is  wrench - 
tightened.  Its  arched,  Hlotte<l 
Jaws  grip  the  bolt  like  a  chuck 
(B-Bl.  while  spring  tension 
Is  exerted  upward  on  the  bolt 
thread  and  downward  on  the 
part  (A- A),  securely  locking 
both. 


WRITE  FOR  PALRUT  MANUAL  NO.  2 

giving  full  details  on  all  types  of 
Self-Locking  Palnuts,  advantages, 
installation  data,  sizes,  etc. 


THE  PALNUT  COMPANY  77  Cordier  St.,  Irvington,  N.  J 


When  porcelain  insulators  of 
radio  transmitter  were  broken  d 
ing  unloading  somewhere  in  Afr 
an  Army  dental  officer  made  a 
factory  repair  with  the  cement 
in  artificial  dentures. 
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RADIO 

RECEIVER  AND  TRANSMITTER  CHASSIS 


FOR  Your  APPLICATION 


Series  20,  4  channel  1600-6000  KC. 
20  watt  transmitter. 


Lender  chassis  view  Series  20 
transmitter. 


KAAR  ENGINEERING  CO. 


PALO  ALTO,  CALIFORNIA 

Manufacturers  of  High  Grade  Mobile  and  Central  Station  Radiotelephone  Equipment 


SMALL: — Various  types  of  Receivers  and  Transmitters  require  a  space  only  7"  wide,  10^" 
deep  and  7^2"  high. 


Transmitters  with  up  to  four  crystal  controlled  channels,  built-in  antenna  match¬ 
ing  network.  20-25  Watts  power  output  with  100^^  modulation  capability  on 
phone.  10  watt  model  with  power  supply  on  same  small  chassis  also  available. 


VERSATILE: — Operation  on  6,  12,  32,  110  volts  DC;  117  volts  AC  or  various  DC-AC  combina¬ 
tions.  Dynaniotor  or  Vibrator  power  supplies  available  for  operation  of  transmitters 
and  receivers. 


PERFORMANCE: 


—  Receivers  with  1  microvolt  sensitivity,  high  selectivity  with  a  band  width  of  only 
16  KC  at  30  DB  down.  Tunable,  multi-channel  crystal  controlled  or  combination 
models  available. 


Series  6  tunable  receiver.  2  band 
model  illustrated,  range 
5504000  K.C. 


Under  chassis  view  Series  6  tun¬ 
able  receiver. 


Series  -  6,  five  channel  fixed  tuned 
receiver.  Model  illustrated  not 
crystal  controlled. 


HUMI|DITY 


(Continued  from  page  105) 

received,  which  was  a  lin.  xAi 
unit  and  had  a  resistance  of  675  ok 
at  20  deg,  was  tested  from  —  30  d 
C  to  +41  deg  C,  starting  at  the  Ic 
temperature.  At  first  it  showed  i 
erratic  characteristic,  and  on  cooiji 
again,  didn’t  follow  the  origis 
curve.  There  seemed  to  be  an  egg 
phenomenon.  Several  days  lat^ 
was  tested  again.  A  smooth  chaij 
teristic  was  obtained  this  time,  wi 
resistances  about  14  percent  high 
than  originally.  This  indicated 
desirability  of  giving  resistors  to  | 
used  as  neutralizers  an  acc^lerat 
aging  or  “cooking”  treatment  (T 
manufacturer  has  since  made  a  pn 
tice  of  aging  such  resistors.) 

Figure  1  illustrates  t3rpical  re; 
tance-temperature  curves,  obtais 
by  the  author,  of  three  types  of  ne 
The  two  curves 


Operational  Condition 
Test  Equipment 


tralizers. 

Keystone  illustrate  the  charaottri 
tics  of  the  resistors  discussed  in  tj 
preceding  paragraph  when  coi 
pounded  to  produce  the  highest  pg 
sible  coefficient  and  pertain  to  ne 
tralizers  now  used  in  standard  Diet 
engine  pyromillivoltmeters. 

There  are  three  curves  UCi  ta::;;! 
to  the  silicon  carbide  Globar  rcsi^ig 
previously  described  and  two  p( 
taining  to  a  new  material  of  mm'i 
composition,  labelled  I.O.  The  CUfM 
were  obtained  from  two  out  of 
number  of  samples  prepared  by : 
manufacturer  for  this  test. 

It  is  important  to  notice  that 
the  curves  are  concave  upwards.  T 
negative  -temperature  coefficient : 
creases  as  the  temperature  deeria?i 
The  upturn  is  especially  prono  r: 
below  0  deg.  This  is  obviously  r; 
sirable.  The  DR  of  the  coil  to  be  ca 
pensated  is  substantially  consta 
while  that  of  the  neutralizer  van 
The  curves  for  the  Keystone  ne .  f 
izers  show  that  at  20  deg  DR  =  0 
ohms  per  degree,  at  50  deg  DR 
0.145,  and  at  —10  deg  DR  =  W 
ohms  per  degree.  The  exact  resu.: 
these  variations  will  be  illustui 
later. 

It  is  only  fair  to  say  that  a 
proportion  of  electrical  measun 
instruments  are  not  operated  at 
deg  below  zero  C,  and  that  neuti 
izers  are  therefore  rendering  f 
service  in  large  numbers,  hsti 
made  possible  the  design  of  ® 


Army,  navy,  air  corps,  and  C.  A.  A.  specifications  for  Electronic 
products  as  well  as  instruments  and  their  component  parts  require  opera¬ 
tional  condition  testing — cold,  heat,  dust,  humidity,  salt  spray. 

Whether  for  development  work  or  for  production  testing  calibration. 
Northern  Engineering  Laboratories  can  supply  you  quickly  with  stand¬ 
ard  or  custom  built  test  chambers  which  will  provide  all  of  the  atmospheric 
conditions  your  specifications  require. 

Model  NEL135-43  is  typical  in  performance  — 100*F  to  +160*F; 
20%  to  95%  R.H.  in  the  physical  range;  altitude  simulation  from  sea 
level  to  80,000  feet.  (%"  Hg.  absolute).  The  graphs  below  show  actual 
flight  simulation  curves  of  performance  of  the  unit  pictured  above. 


TDHfii 


MINUTid  MINUTES 

Rugged  construction — complete  shock  and  vibration  isolation — 
Electronic  indicator  controller — full  view  observation  window — ^fully 
automatic  operation — high  and  low  frequency  electric  connections  from 
instrument  panel  to  chamber  interior — temperature  controlled  to  plus  or 
minus  0.2®  F  of  selected  temperature — fully  mechanical  refrigeration 
with  complete  refrigeration  control — Freon  22  refrigerant — feature  this 
laboratory  instrument. 

For  full  Information  and  details  send  for  Bulletin  #22. 


NORTHERN 

ENGINEERING 

LABORATORIES 
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Illif 


Fine  Watch  Precision 


gger 


{Photograph  Actual  Size) 


NEW  'Sealed"  mOGlI  RELAY 
fxp/oi/on  Proof!  Dust  Proof! 


PRODUCTS  CORPORATION 

General  Office;  V 

*^^8jVenlce  Blvd.  Los  Angeles,  Calif. 


Smalud  ChamlMr— Makes  Relay  Explosion  Proof  and  Dust  Proof; 
serves  as  effective  arc  quench. 

fxcass  Copocity— Rated  at  23  amperes;  operates  satisfactorily  at  30 
amperes;  tested  without  failure  at  120  amperes  high  indue* 
tive  load. 

Light  and  Compact— Standard  model  above  (S47D)  weight  only 
4.7  ounces;  overall  dimensions  as  follows:  Height.  1  9/16"; 

Width,  I  21/64";  Length  (less  base),  1  7/16";  Overall  of 
base,  2  1/16";  Mounting  holes,  center  to  center,  1  3/4". 

Posittv* Action— Overtravel  spring  insures  positive  contact  pressure 
and  instant  "break"  release. 

Tompor  Proof— Factory  adjusted  and  sealed;  protection  against  un¬ 
authorized  re-adjustments. 

RovorsiMo  Contacts  —  If  worn  from  excessive  use  contacts  may  be 
reversed  in  the  field,  thus  providing  new  surfaces  without 
disturbing  adjustment. 


Specifications: 

Norma/  Coil  Ra/iug.  24  volt  •  190  m.  a.  -  3.6  waits. 

Coatacl  Ra/iug.  23  amps,  inductive  load  at  30  volts. 

Unit  has  withstood  Army  tests,  including  overload;  vibration  33  cycles  per 
second  with  .06'  excursion;  acceleration  of  10  gravity  units;  salt  spray  tests  of 
240  hours  duration. 
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Made  From  Drill  Rod  Steel 
Tipped  With  Precious  Metals 


If  you  make  meters,  regulators,  temperature 
indicators  or  any  other  precision  instruments.  Duo- 
pivots  are  a  must  for  you.  The  two  types  —  drill 
rod  steel  and  drill  rod  tipped  with  precious  metals 
—  assure  you  of  dependability,  corrosion  proof, 
tough,  resistont-to-wear  performance.  Duopivots  are 
unaffected  by  moisture,  heat,  cold,  vibrations  or 
magnetism. 

Send  us  your  specifications  today.  You  will  get 
prompt  action— quick  quotations— and  fast  delivery. 


WRITE  FOR  FULL  PARTICULARS  TODAY 


rugged  and  better-compensaied  i 
struments. 

Figure  1  shows  that  a  random  p: 
of  Keystone  resistors  had  do- 
parallel  characteristics.  This  is 
true  of  the  pair  of  Globar  I.O. 
sistors.  It  is  important  that  neutr 
izers  for  a  specified  application  h 
parallel  resistance-temperature  cK 
acteristics,  because  DR  is  the  s' 
of  the  curve  representing  these  ch 
acteristics. 

Lobprotery  Model  MUlivoltmettr 

Early  in  1941  we  were  giving  s 
cial  attention  to  the  problem  of  p 
ducing  more  rugged  marine  dit 
engine  pyrometers  having  requk 
high  resistance.  High  resistance 
desirable  to  avoid  the  necessity 
accurately  adjusting  the  resistance 
the  leads  to  the  thermocouple.  E 
increasing  the  circuit  resistance 
dinarily  means  decreasing  the  ton 
corresponding  to  a  given  millir 
age. 

A  model  millivoltmeter  was  bj 
to  see  what  improvements  could  j 
achieved.  It  differed  from  our  exii 
ing  designs  in  several  ways,  so  a  I 
rect  comparison  cannot  be  made.  X 
author  designed  a  special  magnet,; 
ing  Nipermag,  producing  twice  i 
flux  of  the  commercial  unit  maga 
and  used  a  moving  coil  of  differ? 
proportions.  A  composite  neutralii 
was  made  with  assorted  samples 
hand.  Five  Keystone  neutralize 
with  a  combined  resistance  of  abc 
82  ohms,  and  one  Globar  B  of  i 
ohms  were  connected  in  parallel.  T 
DR  of  the  combination  just  maf " 
that  of  the  105  ohm  coil,  which,  i 
cording  to  the  formula  above,  a 
assumed  to  be  0.42  ohms  per  degs 

During  the  first  temperature  t; 
to  which  the  instrument  wa.s  s 
jected,  inconsistencies  in  total  rt; 
tance  were  noticed.  The  cs; 
seemed  to  be  that  the  neutralize 
which  were  not  mounted  very  (i< 
to  the  machanism,  did  not  maintai; 
temperature  equal  to  that  of  thenj 
ing  coil  during  changes  in  amli 
temperature.  To  overcome  thisH 
dition,  the  bundle  of  neutralizers  1 
insulated  and  clamped  against 
magnet.  The  resistance  then  follosj 
a  smoother  curve. 

The  instrument  was  made  irG 
pyromillivoltmeter  without  COldl 
compensator.  A  calibrating  series 
sistor  of  manganin  was  substit. 
for  the  customary  constantan  r= 
tor.  These  modifications  were  k 
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to  facilitate  accurate  tests  A\ith 
potentiometer.  The  millivol  m. 
was  calibrated  to  a  range  of  0-12 
deg  F,  for  use  with  an  iron-cc  ist; 
tan  thermocouple.  Full-scale  pot 
tial  was  34.8  mv.  The  resis  a^^ 
were  then  as  follows  at  21  dep  C; 

Moving  coil  and  springs . 

Six  Neutralizers  in  parallel .  4[ 

Manganin  calibrating  resistor. . ,  9, 

Had  the  desired  calibration  bt- 
0-800  deg  F,  the  91.3-ohm  calibr.; 
ing  resistor  could  have  been  redi; 
to  a  few  ohms  (which  would  notst 
iously  affect  the  compensation)  ai 
this  low  range  obtained  without  a 
tering  any  other  components.  Tt 
instrument  would  under  these  cor  : 
tions  have  been  a  remarkably  eS 
cient  compensated  millivoltmeter,  lx 
cause  two-thirds  of  the  available  ir' 
livoltage  would  have  been  app'it 
across  the  moving  coil. 

Figure  2  shows  the  influence  i 
temperature  on  the  instrument,  wit; 
out  the  91.3  ohm  manganin  calibra 
ing  resistor.  Both  the  resistance  as 
the  milivoltage  required  to  prodijt 
full-scale  deflection  are  plotted.  Tl 
omission  of  the  fixed  manganin  n 
sistor  facilitated  the  precise  obse; 
vation  of  variations  in  the  milliviw 
meter  characteristics. 

Figure  2  also  demonstrates  sever 
interesting  characteristics.  The  r« 
sistance  and  full-scale  millivoltar 
fall  to  a  minimum  at  approximat.^ 
room  temperature.  At  low  temp. 
atures  the  neutralizer  resistance  ri- 
I  faster  than  the  resistance  of  th 
aluminum  coil  falls.  At  high  ten  p 
I  atures,  it  is  the  coil  resistance  wh; 
i  rises  too  fast.  The  minimum  f 
I  scale  millivoltage  occurs  at  the  s; ' 
temperature  as  the  minimum  iv ' 
tance,  demonstrating  that  the 
I  ence  of  temperature  on  all  fait  : 
combined  (other  than  resistance)  'i 
an  instrument  of  this  type  is  mv 
ible.  Obviously,  as  long  as  cumn> 
cial  neutralizers  have  curved  ib: 
acteristics,  it  will  be  necessary  t 
specify  the  temperature  at  which  tt 
required  DR  is  to  be  obtained. 

Commercial  Diotol  Engine  Pyromeftf 

Following  the  construction  of  tri 
experimental  model,  Bristol  uiit 
took  to  improve  the  design  of  its  i 
mercially  available  diesel  engine ; 
i  rometers.  The  required  changes  ^ 
specifications  seemed  relatively  srrsj 
The  design  already  included  the  b<< 
materials  known  at  the  time  it 
!  made  so  as  to  obtain  the  highest  p 


W  ^  _  1  HE  EES  A  field  telephone  is  one  good 

reason  why  American-built  communications 
equipment  has  a  reputation  for  being  the  best  there  is.  It  is  an 
unclassified  (not  secret)  instrument,  but  we,  whose  prime  war  job 
is  to  build  it,  doubt  that  the  enemy  can  match  the  EE8-A  phone. 

You  see  there  is  a  secret  to  it — the  secret  of  American  know¬ 
how.  For  instance: 

*  How  to  turn  out  such  delicate,  and  at  the  same  time, 
rugged  instruments  by  the  tens  of  thousands,  and  still 
have  each  the  equal  or  superior  of  a  handmade  product. 

*  How  to  devise  instruments  to  give  each  unit  a  complete 
"laboratory”  test,  in  a  few  seconds,  right  on  the  pro¬ 
duction  line. 

*  How  to  make  telephones  that  will  operate  equally  well 
whether  they  serve  in  arctic  cold  or  tropic  moisture. 

America  has  the  answers.  Major  credit  belongs  to  Signal 
Corps  engineers,  but  Connecticut  is  proud  to  have  had  a  part 
in  making  the  EE8-A  a  weapon  for  helping  our  boys  get  the 
jump  on  the  enemy  wherever  they  find  him. 

In  your  postwar  planning  of  products  and  factory  method, 
you  will  need  American  know-how  in  the  design,  engineering 
and  manufacture  of  precision  electrical  devices.  We  believe 
Connecticut  can  help  you. 


CONNECTICUT  TELEPHONE  &  ELECTRIC  DIVISION 


mitHCAM 


Moysrmts 


Fir  the  second  Hme  within  a  year,  the  honor  of  the  Almy-Navy  Production 
Award  has 'been  conferred  upon  the  men  and  women  of  this  Division. 


0  1913  Great  American  Industriet;  Inc.,  Meriden,  Conn. 
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SAVE  HOURS  OF  TRAINING 
for  your  Screw  Driving  Army 


YESTERDAY....  TODAY 


KEY  TO  EASTENING 
SPEED  AND  SAFETY 

Th«  Phillips  Re¬ 
cessed  Head  was  scien¬ 
tifically  engineered  to 
afford: 

Fast  ftartiiig  »  Driver 

f>oint  automatically _ 

centers  in  the  recess . . .  fits  snug¬ 
ly.  Screw  and  driver  "become 
one  unit.”  Fumbling,  wobbly 
starts  are  eliminated. 

Faster  DHviiig  —  Spiral  and  pow¬ 
er  driving  are  made  practical. 
Driver  won’t  slip  out  of  recess 
to  injure  workers  or  spoil  ma¬ 
terial.  (Average  time  saving  is 

yy/c.) 

latter  Driving  -  Turning  power 
is  fully  utilized  by  automatic 
centering  of  driver  in  screw 
head.  W<»kers  maintain  speed 
without  tiring. 

tetter  Fastenings  —  Screws  are 
set-up  uniformly  tight,  without 
burring  or  breaking  heads.  A 
stronger,  neater  job  results. 


rti««ll  MssvfMfartss  C«.,  Chtssts,  IH. 

RmnUSi  S«r««r  C«..  NwrisHw*.  Pa. 

RoBMli  BimiaBH  a  Ward  Balt  a  Nat  Ca..  Part  Clieatar.  N.  V. 
ScavlH  Maautaaturisf  Ca..  Watarvilla,  Caaa. 

Sliakaaraal  tua.,  CUaasa,  IH. 

Tka  Saftthtaataa  Hardwara  Mts.  Ca.,  Saathiaftaa.  Caaa. 
Whitaw  Sarav  Carp.,  Maakoa,  N.  H.  _ ^ 


WLUFSSmWSm  mir?RO(fF! 

Light-fingered  and  feminine  .  .  .  heavy- 
handed  and  he-man  . . .  raw  recruit  or  vet¬ 
eran.  All  can  be  put  on  a  high-production 
level  on  your  assembly  line  by  giving 
them  Phillips  Recessed  Head  Screws. 

The  scientifically  designed  Phillips 
Recess  automatically  centers  the  driving 
forte  and  eliminates  all  driving  troubles 
. .  .  fumbling,  wobbly  starts  .  .  .  slant- 
driven  screws . . .  burred  and  broken  screw 


heads . . .  and  dangerous  screw  driver  skids. 

Screw  and  driver  "become  one  unit”, 
making  such  efficient  use  of  turning  pow¬ 
er  that  driving  is  much  easier  and  faster, 
regardless  of  driving  method.  And,  power 
driving  is  made  practical  in  most  cases. 

T hey  cost  less  to  use!  Compare  the  cost 
of  driving  Phillips  and  slotted  head 
screws.  You’ll  find  that  the  price  of  screws 
is  a  minor  item  in  your  total  fastening 
expense  .  .  .  that  it  actually  costs  less  to 
have  the  advantages  of  the  Phillips  Recess! 


AaaHam  Straw  Ca.,  PraaltfaMa,  R.  I. 

Tha  Brhtai  Ca..  Wattrkanr,  Caaa. 

Caatral  Baraw  Ca.,  Chlnifa.  Hi. 

ChaaVlar  PrWaaa  Cart..  davOaaa.  Obla 
Caatlaaatai  Straw  Ca„  Haw  BatfarS.  Man. 
Tha  Carkla  Straw  Cara.,  Raw  Britaia,  Caaa. 
Tha  H.  M.  Haraar  Ca.,  CbitaH.'iH. 


lataraatlaaai  Straw  Ca..  Oalralt.  Mleh. 

Tha  Laanaa  A  Sntlaaa  Ca..  ClavalaaS.  Ohia 
Tha  Natiaaal  Straw  A  Mff.  Ca.,  dcaataaS,  Obla 
Naw  Caataai  Straw  Ca..  Kaaaa.  N.  M. 

Tha  Charlai  Parkar  Ca.,  MariSaa,  Caaa. 
Pvhar-Kalaa  Cara..  Naw  TaHu  N.  Y. 

Pawtatkat  Straw  Ca.,  Pawtmkat,  R.  I. 


PHILUPS^SCREWS 


PLANES  NOW 

NAVIGATED.  .  ^ 


sible  spring?  torque  modulus,  to^^tk 
with  a  circuit  resistance  of  about  1ft 
ohms  and  good  temperature  co?  ip^r 
sation.  The  best  way  to  make  th 
desired  improvements  (esp*  ciai; 
lengthening  the  ’scale)  appeared  t 
be  the  use  of  a  neutralizer  v  ith  i 
higher  co-efficient.  In  this  w;ty  th 
existing  specifications  of  the  electri 
cal  mechanism  could  be  retained  aiK 
the  overall  circuit  resistatnje'could  h 
kept  at  a  desirably  high  value  whi! 
greater  accuracy  of  calibration  wa 
obtained. 

i  Manufacturing  tolerances  wer 
such  that  some  of  these  pyroinetrr 
had  circuit  resistances  as  low  aa  SM 
ohms  (total  circuit,  consisting  o 
moving  element, 


neutralizer,  cal: 
brating  resistor,  thermocouple  an: 
connecting  leads)  while  some  coih 
alone  were  as  high  as  57  ohms.  Thi 
thermocouple  and  leads  were  stand 
ardized  at  10  ohms.  That  left  thi 
low  resistance  of  23  ohms,  under  thi 
worst  conditions,  for  ambient  tem 
perature  compensation  and  calibn 
tion. 

The  moving  coils  were  of  alumi 
num  wire,  and  had  a  resistance  of  52 
ohms  ztlO  percent.  Therefore :  Z)ft  = 
0.004  X  52  =  0.208  ohms  per  deg  C 
The  minimum  temperature  coefficien! 
that  could  be  used  was  -0.208-4- 23 1 
100  =  0.91  percent  per  deg  C.  This 
was  well  within  the  range  of  coe!* 
cients  available  in  negative  t.c.  re¬ 
sistors.  '  . 

The  preliminary  specifications  f  r 
the  neutralizers  for  this  applicati ; 
were: 

DR  =  — 0.2  ohms  per  deg  C 
Resistance  as  low  as  possible. 

As  may  be  seen  in  Figure  1,  t.V 
resistance  (NTC  type  unit  at  rm-r. 
temperature  (20  deg  C)  was  betwet: 
11  and  12  ohms.  DR  was  — 0.173  ohir; 
per  deg  C,  which  was  a  little  low. 


For  the  first  time  in  history,  the  aviation  industry  now  has  equip¬ 
ment  that  permits  aufomatic  Great  Circle  Course  navigation,  without 
^r/// due  to  cross  winds,  thrust  unbalance  (in  multi-engine  airplanes) 
or  faulty  directional  trimming ...  all  accomplished  by  one  electronic 
device  that  is  both  the  "brains  and  the  muscle.”  Using  entirely  new 
methods  of  controlling  the  flight  path  of  a  plane,  the  Harvey  Auto¬ 
matic  Pilot  and  Duplex  Direction  Finder  provides  simultaneous  cross 
bearings  and  all  necessary  windage  data . . .  which  greatly  simplify 
navigation  of  high  speed  aircraft;  in  addition  to  automatically  keep¬ 
ing  the  airplane  on  the  Great  Circle  Course. 


HARVEY  PILOT 

Combines  Pour  Units  in  One 


Msid*s  th*  Awtemotic  Pilot  f*atwr*s  which  con¬ 
trol  tho  flight  path  of  th*  plan*,  th*  Harv*y  Mod*! 
HM-604  wilt  function  as  two  Communirotion  Rocoiv- 
ors,  two  Radio  Compassos,  two  Automatic  Diroction 
Findors,  or  in  any  combinotian.  Novr  — instead  of 
roguiring  separate  mechanical  or  electronic  units 
to  perform  these  four  vital  services  —  only  on*  Har¬ 
vey  unit  is  required.  SpcK*,  weight,  and  cost,  ewe 
reduced;  installation,  service  problems  minimized. 

Shown  at  right  is  the  chassis  of  the  electronic 
smit,  with  dust  covers  removed. 


Th*  Carrier  Suppressor  stog*  is’completely 
nllminatad  in  the  advanced  type  ADF  re¬ 
ceiver  incorporated  in  th*  Model  HM-604. 


Single  Control  for  All  Functions 

Mounted  in  th*  center  of  th*  instrument 
panel,  as  shown  at  th*  left,  is  th*  complete 
control  system  for  Automatic  Steering,  Radio 
Communication,  Radio  Compass  and  Automatic 
Direction  Finding.  Simplicity  of  operertion  is  an 
outstanding  feature  of  this  Harvey  creation. 


**Unitixed**  Cells  Increase  Efficiency 
and  Speed  Production 

Full  advantage  of  the  "Unitized’  assembly  method  is  taken  in  the  Model  HM-604. 


Mechanical  Monnting  Problem 

The  original  resistors  were  pr 
vided  with  short,  stiff  leads  of  mclyi 
denum  wire  imbedded  in  the  ends.  1: 
was  difficult  to  solder  extensions : 
them.  (k)nstantan  leads  were  sp 
welded  to  the  molybdenum  wires.  B 
the  latter  were  so  brittle  and  fraj:.! 
that  neutralizer  and  leads  had  to 
imbedded  in  a  brass  capsule.  Th: 
capsule  was  bolted  to  the  insl  I  Uiii'  '’ 
mechanism.  At  present  these  neutra 
lizers  are  being  supplied  wti 
sprayed  metal  ends,  to  which  tiiiii  - 
copper  wires  are  soldered. 

Figure  3  illustrates,  starting  s' 


Write  for  full  details 
on  this  revolutionary 
electronic  development. 


Other  Harvey 
Division* 


SflKIAL 

MACHINfRY 


6200  Avalon  Blvd. 
Los  Angeles  3,  California 
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How  to  Select  a 
RECTIFIER 


To  say  one  type  of  rectifier  is  better  than  any 
other  type  would  be  as  fatuous  as  saying  a  bomber 
is  better  than  a  fighter  plane.  Each  is  better  than 
the  other  when  accomplishing  the  specific  results 
for  which  it  is  designed. 

Thus,  the  manufacturer  of  a  product  employing 
rectifiers  must  first  determine  the  results  to  be  ob¬ 
tained  and  the  conditions  under  which  the  reaifier 
will  function.  Such  data  are  essential  when  decid¬ 
ing  whether  Selenium,  Copper  Oxide  or  Tungar 
typ)e  of  rectifier  will  do  the  most  efficient,  most 
economical  and  most  satisfactory  job. 

Since  General  Electric  makes  all  three  —  Selenium, 
Copper  Oxide  and  Tungar  —  it  has  no  reason  to 
prefer  one  to  the  other.  It  can  give  you  unpre¬ 
judiced  advice  on  which  type  is  best  for  your 
particular  requirements. 

When  next  you  need  a  lectifier,  why  not  let  G-E 
Tungar  and  Metallic  Rectifier  Engineers  analyze 
your  needs  and  offer  their  recommendations.’  Nat¬ 
urally,  this  engineering  consulting  service  entails 
no  obligation.  Address  inquiries  to  Section  A-836- 
119,  Appliance  and  Merchandise  Dept.,  General 
Electric  Company,  Bridgeport,  Connecticut. 
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the  bottom,  the  history  of  nei  trat 
izers  used  in  our  diesel  engine  )yr& 
meters.  At  the  time  the  chan  e  ii 
production  was  made  from  imb  ide^ 
molybdenum  terminals  to  metal 
sprayed  ends,  the  manufac  urei 
found  it  necessary  to  increase  thj 
room  temperature  resistance  to  I4j 
ohms  to  obtain  the  full  rate  of  changj 
DR  =  —0.2  ohms  per  deg  C.  It 
pears  that  in  the  neutralizers  of  Ion 
resistance  now  used  the  maximua 
practical  temperature  co-efficient  ii 
.1.4  percent  per  deg  C,  rather  thanj 
percent. 


Postlb/*  Fufurm  Neutralhtr  Refinemtif 

Some  resistance-temperatun 
curves  taken  recently  on  sampis 
diesel  engine  pyromillivoltmeters 
were  similar  in  character  to  the  one 
shown  in  Fig.  2,  except  that  t  urva- 
ture  was  somewhat  more  pronounced 
A  typical  example  had  a  resistant! 
of  92.0  ohms  at  47  deg  C  and  —15 
deg  C,  and  a  minimum  resistance  of 
90.8  ohms  at  20  deg  C,  which  is  an  in¬ 
crease  of  1.32  percent  for  27  deg 
above  normal  or  35  deg  below.  This 
is  excellent  performance,  considering 
that  the  resistance  of  the  aluminum 
coil,  accounting  for  56  percent  of  the 
total  resistance,  increased  10.5  per 
cent  at  47  deg  and  decreased  135 
percent  at  — 15  deg. 

R.  R.  Hoffman,  chief  engineer  of 
Keystone  Carbon  Company,  has  sug 
interesting  method  of 


••Our  target  was  the  nearest  carrier  with  the  Rising  Sun 

painted  on  its  flight  deck.  You  could  hear  Roberts  over  the  interphone 

cussing  the  Zeros  as  the  top  turret-guns  chattered  away  at  them — then 

Duke  calls,  ‘On  target!  .  .  .  steady  now,  steady.’  Then,  ‘Bombs  away!’ 

<^^The  waist-gunner  had  the  best  view  of  what  happened 

— ‘That  carrier  just  collapsed  —  throwing  fantastic  confetti  all  over  the 

sea — then  sank.  Rising  Sun  and  all.’  We  radioed  our  field,  ‘Mission 

completed — one  more  carrier  down — returning — all’s  well.’” 

CONSOLIDATED  RADIO  headphones  are  flying  with  the  Army 

Air  Corps  over  the  world’s  battlefronts  helping  to  sweep  the  skies  clean 

of  the  enemies  of  world  peace.  Engineered  for  complete  dependability, 

CONSOLIDATED  RADIO  products  are  withstanding  the  severest  demands 

of  service  with  the  Tank  Corps  and  the  Infantry,  as  well  as  the  Air  Corps. 

Consolidated  Radio’s  /Modern  /Mass 

Production  /Methods  Con  Supply 

Signal  Corps  and  Other  Headphone  i| 

Units  in  Quantities  to  Contractors  (  mM 


gested  an 
straightening  the  resistance-temper 
ature  characteristic  of  a  resistor 
The  principle,  illustrated  by  him  in 
Fig.  4,  consists  of  shunting  an  NIC 
unit  with  a  resistor  having  a  very 
small  temperature  coefficient.  A  neg 
ative  coefficient  resistor  of  sufficiently 
high  resistance  must  be  selected  to 
prcduce  the  required  DR  in  the  com¬ 
bination  and  the  combination  will 
have  a  higher  resistance  than  a  pure 
neutralizer.  But  if  the  total  circuit 
resistance  can  be  increased  about 
15  percent  without  seriously  impair 
ing  its  operation  the  improvement  in 
accuracy  of  compensation  over  i 
wide  temperature  range  seems  wel 
worth  while. 

The  shunt  resistor  chosen  by  Mr 
Hoffman  for  his  example  has  a  sniit 
positive  constant  temperature  coeffi¬ 
cient.  'i 

Negative  T.  C.  Resistor  Stability  i 

The  author  is  also  indebted  to  Mr 
Hoffman  for  Fig.  5  and  Fig.  6. 

Figure  5  gives  the  results  of  ■ 


ELECTRONIC' 


August  1943 


]98 


THE  BROWNINB  SIGNAL  SYSTEM 

Achieving  the  effect  of  numerous  armed  guards, 
by  means  of  a  balanced-capacitance,  electronic 
circijit.  Proved  in  numerous  commercial  applications 
since  before  Pearl  Harbor. 


BROWNING 


LABORATORIES,  INC. 
WINCHESTER,  MASS. 
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...  AND 

COMMUNICATIONS 


.  What’s  the  connection?  .  .  .  Just  this. 

,  playing  marbles,  goin’  fishin’,  sand-lot  ball  games, 
free  enterprise,  backyard  talks  with  the  neighbors,  Sunday 
*  rides  ...  are  ALL  a  part  of  the  American  way  of  living. 

We,  at  Harvey-Wells,  now  producing  military  communica¬ 
tions  eouipment,  firmly  believe  in  the  American  way  of  liv¬ 
ing,  ana  we  want  it  that  way — ALWAYS. 

We’ve  sent  our  brothers,  fathers  and  sons  out  to  fight  the 
barbarians.  They  have  put  ca  uniforms  and  gone  into  the 
dangers  of  war  to  defend  us. 

That’s  THEIR  sacrifice  .  .  .  and  WE  must  sacrifice  also 
...  to  help  them  achieve  the  Victory  that  will  ultimately 
mean  man’s  right  to  human  decency. 

It’s  our  call  to  arms  .  .  .  and  we’ll  answer  by  buying 
.MORE  and  MORE  War  Bonds  and  Stamps  ...  to  put  all 
,tp«re  dollars  straight  into  the  very  heart  of  this  tremendous 
undertaking  .  .  .  yes,  to  transform  those  crisp  greenbacks 
into  ammunition. 

It’s  your  fight  .  .  .  and  ours — ^morally  and  financially, 
and  we  MUST  get  the  goods  but  .  .  .  and  ON  TIME! 


Watch  jor  The  New  Series 

by  HARVEY-WELLS  .  .  . 

'Tablecloth  Communications’ 


RVEY-WELLS 

ammuniceUietU  inc. 


HEADQUARTERS 

For  Specialized  Radio  Communications  Equipment 

S  O  U  T  H  B  R  I  DG  E.  M  AS 


stability  test  lasting  almost  four 
months,  recently  performed  on  thre# 
NTC  resistors.  The  temperature  of 
the  samples  was  swung  cyclicly  be¬ 
tween  two  temperatures,  as  given  in 
the  figure.  Upon  reaching  the  high 
or  the  low  temperature  level,  the 
sistance  of  the  samples  was  measured 
with  a  Wheatstone  bridge.  The 
graphs  show  by  what  proportion  the 
resistance  of  the  samples  departed 
from  the  resistances  they  had  the 
first  time  they  reached  the  high  and 
low  temperatures  respectively,  each 
time  they  returned  to  those  tem¬ 
peratures.  The  tests  on  the  Type 
LA-061  (lower  half  of  Fig.  5)  are 
of  special  interest  to  instrument  de 
signers  because  at  0.1  watt  dissipa 
tion  self-heating  would  be  negligible 
The  maximum  departures  of  2  per 
cent  indicated  would  not,  in  most 
instrument  compensation  applica¬ 
tions,  be  very  serious,  because  the 
neutralizer  would  usually  not  have 
more  than  20  percent  of  the  total  cir¬ 
cuit  resistance. 

Figure  6  gives  the  resistance-tem¬ 
perature  characteristics  of  typical 
samples.  The  two  lower  curves  are 
in  the  resistance  range  most  likely  to 
interest  the  instrument  designer. 
The  lowest  curve  pertains  to  the  neu¬ 
tralizer  used  in  the  diesel  engine 
pyrometer.  • 
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In  the  links  in  the  chain  of  electronic  research  versed  in  the  scicnc3  of  vacuum  tube  maiui- 

. .  .  the  study  by  scientists  of  tungsten  for  lamp  factiire  .  .  .  with  one  of  the  most  modernly 

filaments,  and  other  discoveries  related  to  the  equipped  plants  and  lalxiratories  .  .  .  with  expert 

lamp,  such  as  the  “Edison  Effect were  among  craftsmen  skilled  in  the  building  of  vacuum 

the  milestones  of  progress  toward  the  electron-  tubes  .  .  .  the  Slater  organization  was  ready  to 

tulie  development.  It  was,  therefore,  only  natural  keep  pace  with  electronics  progress.  How  well 

that  Slater’s  long  experience  in  tl'.e  manufacture  we  have  done  this  is  evidenced  by  the  broad 

of  *incandescent  lamps  provide<l  a. //rm/ounc/a/ion  acceptance  of  Slater  Electronic  Tulies  by  the 

lor  making  electronic  tubes.  With  engineers  intra-industries  and  their  use  by  our  (lovemment. 


*Usetl Uiroiufhoiil  l\'nv  Y'ork  Cilyercliisirely, 
and  many  other  man  id  pal  Hies. 


BROOKLYN,  NEW  YORK 
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published  on  transformers,  re„ulatJ 
ors,  reactors  and  related  induction 
apparatus.  There  are  six  pa^es  o] 
definitions,  a  23-page  section  pr  sent] 
ing  the  new  test  code  for  transform] 
ers  and  giving  instructions  for  maki 
ing  acceptance  tests  to  demonstiatf 
that  the  requirements  of  the  stand 
ards  have  been  fulfilled,  and  a  T-pa^t: 
section  giving  permissible  continu 
ous  and  short-time  loading  during 
operation  of  transformers  and  regn- 
lators. 

These  standards  represent  th« 
culmination  of  ten  years  of  coopera, 
tion  and  concentrated  work  on  the 
part  of  the  industry.  They  super¬ 
sede  numerous  other  publication: 
and  constitute  a  veritable  handbok 
of  data  for  manufacturers  and  users 
of  transformers.  By  specifying  that 
apparatus  shall  be  in  accordance  with 
American  Standards,  the  purcha.sj 
of  equipment  is  saved  much  effort 
in  preparing  detailed  specification?. 

The  American  Standards  for 
Transformers,  Regulators  and  Re¬ 
actors  (Including  Test  Code  and 
Guides  for  Operation)  may  be  oti. 
tained  from  the  American  Standard: 
Association,  29  W.  39th  St.,  New 
York  at  $1.25  per  copy. 

Another  new  transformer  stand 
ard,  Power  and  Audio  Transformer' 
and  Reactors,  Home  Receiver  Re^ 
placement  Type,  covers  performani> 


NEWS  OF  THE  INDUSTRY 


Signal  Corps  gets  new  Chief,  and  is  reor¬ 
ganized  ;  President  congratulates  NRL  on 
20  years  of  research;  engineers  needed 
to  fill  jobs  of  physicists;  Wall  St.  hears 
more  about  electronics;  personnel  news 


General  Ingles  Becomes  New  staff  having  decentralized  responsi- 
Chief  Signal  Officer  of  Army  ^ility,  carried  the  Signal  Corps 

through  its  vast  expansion  of  person- 
Major  General  Harry  C.  Ingles  operation,  including  utiliza- 

has  been  nominated  by  President  qJ  radar,  perfection  of  wire  and 

Roosevelt  to  succeed  Major  General  radio  communications  for  modern 
Dawson  Olmstead,  who  retired  June  warfare,  and  the  Alcan  telephone 
30  at  his  own  request  after  having  system,  longest  carrier  system  in  the 
held  this  post  for  nearly  two  years,  .^^^.^rld.  Only  recently  he  returned 
General  Ingles,  who  is  55,  gradu-  from  an  extended  inspection  trip 
ated  from  West  Point  in  1914  and  en-  covering  Signal  Corps  installations 
tered  the  Infantry,  but  transfered  to  Alaska,  Africa,  China,  England 

the  Signal  Corps  during  the  first  South  America.  General  01m- 

World  War.  He  has  held  a  wide  stead  will  take  over  a  less  strenuous 
variety  of  posts,  many  as  an  instruc-  assignment  as  Military  Representa- 
tor,  culminating  in  responsible  posi-  ^j^g  gjj  ^j^g  Telecommunication  Board 
tions  giving  an  intimate  knowledge  gg^  ^n^gr  the  Secretary  of  State 
of  combat  operations  in  two  theaters  to  guide  postwar  communications 
of  the  present  global  war.  From  planning. 

1924  to  1926  he  was  Director  of  the 
Fort  Monmouth  Signal  School.  He 
has  held  important  Army  General  ^  SfanilarHs 
Staff  assignments,  and  was  Deputy  ^  r 

Commander  in  the  European  theater  Transformers 

under  the  late  Lieutenant  General  A  90-PAGE  volume  issued  recently 
Frank  M.  Andrews.  by  ASA  constitutes  the  most  com- 

General  Olmstead,  with  an  expert  plete  set  of  electrical  standards  yet 


Naval  Research  Laboratories 
Celebrates  20tb  .4nniversary 

In  commemoration  of  the  foma 
opening  on  July  2,  1923  of  a  labo!> 
tory  “To  increase  the  safety,  rtl;;. 
bility  and  efficiency  of  the  Fleet  : 
application  of  scientific  research  ari 
laboratory  experimentation  on  na  :. 
problems”,  celebration  ceremonb 
were  held  on  July  2,  1943  at  Nav;; 
Research  Laboratory  in  Anac  s' 
D.  C. 

After  the  address  of  welcome  : 
Rear  Admiral  A.  H.  Van  Keuren,  1* 
rector  of  the  Laboratory,  addit?'^^ 
were  given  by  Honorable  James  V 
Forrestal,  Under  Secretary  of  th 


Motor  Gonorol  Horry  C.  Ingles 
NEW  CHIEF  SIGNAL  OFFICER 


Motor  Generol  Dowton  Olmitood 
RETIRED  Inne  30.  1943 
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meet  the  CHALLENGj 


You  have  heard  of  Sperti  as  a  manufacturer  of 
SUN  LAMPS,  IRRADIATION  LAMPS,  FLUORESCENT 
LIGHTING,  MEAT  TENDERIZERS  and  more  recently 
of  BIO  DYNE  OINTMENT. 


You  may  have  heard  of  SPERTTS  ELECTRONIC 
DEVICES,  its  NAVIGATION  INSTRUMENTS. 


lou  will  hear  more  and  more  ot  new  aperti 
products  and  developments,  though  today,  its 
modern  manufacturing  facilities  are  almost  wholly 
on  war  dutv. 


W  hy  so  versatile? 


There  is  a  reason  for  this  versatility — a 
reason  that  is  inspiring. 


Beyond  Sperti  there  are  laboratories — labora 
tories  dedicated  to  pure  scientific  research. 


Their  scientists  have  made  rich  contributions 
to  our  knowledge  of  irradiation,  electronics,  fluor¬ 
escent  lighting  and  cellular  activities. 


’  ANSWERS  to  both  current  and  future 
■ '  '  in  research,  development  and 
look  to  Sperti.  W  e  may  be 
to  fit  some  of  your  requirements  into 
war  production  schedule  as  well  as 
you  plan  and  develop  your  line  of  post 
products.  W  rite  today. 


Many  of  their  discoveries  have  immediate  prac¬ 
tical  application. 

Sperti.  Inc.,  was  created  for  the  purpose  of 
making  these  practical  discoveries  available. 

In  short.  Sperti  offers  a  contact  w  ith  outstanding 
sources  of  scientific  knowledge  and  development. 
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ventors  Council  and  Generali 
tors  executive.  1 

In  extending  congratulation! 
letter  on  this  twentieth  anniverl 
President  Franklin  D.  Roosevel* 
phasized  the  importance  of  the 
done  by  the  Laboratory  in 
words:  “Your  staff  of  scientists 
engaged  upon  research  prob 
with  the  indomitable  spirit  of 
Navy.  Sometimes  these  prob 
have  seemed  insurmountable, 
ticularly  in  the  field  of  detectiO 
Our  success  is  pr 


RADIOBEACON 

TRANSMITTERS 

Quide  the 

VICTORY 

FLEETS 


the  enemy, 
since  we  are  now  able  to  mee! 
enemy  in  the  air  and  on  the  sea 
unsurpassed  battle  intelligence 

Laboratory  Activities 

Much  of  the  work  at  the  La' 
tory  is  basic  research,  fundami 
to  improvements  in  the  year 
come.  This  has  included  long,  a 
ous  studies  of  standards  for  me: 
ing  underwater  sound  vibratior 
absolute  units,  thus  establishing 
basic  principles  and  design  of 
modern  submarine  detectors,  an* 
study  of  high-frequency  radia 
and  precise  methods  for  their  nj 
urement,  culminating  in  our  m-.. 
radar  for  detection  of  the  enemv 
The  staff  is  a  permanent  civ 
organization  of  scientists,  with  r 
officers  in  admin  istra 


WHEN  our  Victory  Ships  navigate 
through  difficult  waters  . . .  when  abnor¬ 
mal  climatic  conditions  reduce  the  ef¬ 
fectiveness  of  lights,  bells,  and  horns 
on  buoys . . .  these  ships  of  war  must  be 
protected  against  all  hazards.  For  ships 
are  the  life  line  which  carry  men  and 
materials  to  our  far-flung  fighting 
fronts. 


Naval 

posts.  These  latter  are  periodic 
exchanged  for  other  officers  in 
Fleet,  in  order  that  experience  i 
latest  Naval  developments  wi!! 
carried  back  to  the  Fleet  and  the 
mediate  problems  of  the  service  ai 
will  be  brought  into  the  Labors 
for  inspection. 

The  Radio  Materiel  School,  es 
lished  in  1929  as  a  .part  of  the  I 
oratory,  has  grown  to  be  one  of 
major  centers  for  training  enii 
personnel  in  the  maintenance  of  4 
borne  radio  and  radar  equipmt  J 

The  Laboratory  has  grown 
many  times  the  size  of  those  fimt  I 
buildings  on  the  bank  of  the  Pot : 
River  in  1923,  and  an  annex  of  > 
eral  major  buildings  has  rei' 
been  built  on  Chesapeake  Bay 
tests  of  radio-locating  equipm.:' 

Each  development  is  carried  to 
point  where  its  application  to 
requirements  has  been  fully  dt' 
strated,  and  building  specifica: 
have  been  drawm  up  for  its  man 
ture  by  private  industry.  Ac* 
on  a  project  terminates  only  "'r 
manufactured  model  has  been 
veloped  that  passes  Navy  tests. 


Today,  we  are  proud  of  our  part  in  the 
war  effort.  For,  at  ERCO,  we  have 
been  devoting  the  full  measure  of  our 
skill  in  supplying  radiobeacon  transmit¬ 
ters  for  the  United  States  Coast  Guard, 
and  also  building  special  radio  equip¬ 
ment  for  providing  communications  be¬ 
tween  our  fighting  forces. 


Specialized  research,  greatly  stimulated 
broadening  our  ability 
to  serve  users  of  custom  radio  equip¬ 
ment  for  present  and  post-war  applica¬ 
tions.  We’re  ready  to  cooperate  with 
you  in  the  solution  of  your  problems, 
and  invite  your  inquiry. 


war 


ERCO  RADIO  LABORATORIES 


HEMPSTEAD.  NEW  YORK 

MANUFACTURERS  OF  CUSTOM  BUILT 
RADIO  APPARATUS 


ELECTR0> 
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,^^-hp-  resistance -TUMED  AUDIO  OSCILLATORS 

200A  35  3S.000cps  Cabinet  mountin(  $  96.00 

Output  1  watt  into  600  ohms 
200B  20-20.000  cps  Cabinet  mounting  96.00 

Output  I  watt  into  600  ohms 
200C  20-200.000  cps  Cabinet  mounting  136.00 

Output  10  volts  into  1000  ohms 
2000  7-70.000  cps  Cabinet  mounting  160.00 

Output  10  volts  into  1000  ohms 
202D  2  70.000  cps  260  00 


Main  frequency  ^ 
from  Model  200D 


^  ^ver  long  periods  as  well  as  the  accuracy  of  the 
calibrations  which  are  for  direct  reading. 

★  Remember  these  outstanding  features:  Low 
Distortion,  Logrithmic  scale,  constant  output,  no 
zero  setting,  simplicity  of  operation  and  small  physical 
size  which  increases  their  usefulness  in  ail  applications. 
Get  complete  information  about  these  -hp-  Resistance- 


it  three  dials  on  this  audio  oscillator;  range  selector, 
tput  voltage  control  and  the  main  frequency  dial, 
li''  simplicity  of  design  makes  for 


utmost  SI 


,  jfH 

t  ; 

; 

?  f 

t  i 

^  1 

ed  toB  ^ration  and  yet  there  is  no  sacrifice  in  accuracy.  Of  Tuned  Audio  Oscillators  today.  A  24  -  page  catalog 


0 

r  (it  ■ 
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tstanding  importance  is  the  fact  that  no  zero  setting 
(]ui  d  even  during  the  first  few  minutes  of  opera- 


which  gives  much  valuable  information  about  electronic 
measuring  devices  as  well  as  complete  technical  data  on 


n  The  frequency  stability  can  be  depended  upon  many  -hp-  instruments  will  be  sent  you  free  of  charge. 

HEWLETT-PACKARD  COMPANT 
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LiUgineers  with  rhysicg 
Training  Badly  Needed  for 
War  Research 

The  heaviest  demands  for 


researe 

workers  and  teachers  made  upon  th 
Office  of  Scientific  Personnel  of  th 
National  Research  Council  are  i 
the  field  of  physics.  The  supply  ( 
persons  whose  chief  training  hi 
been  in  this  field  is  exhausted  an 
persons  who  can  do  the  work  c 
physicists,  either  in  war  rese;irch  c 
in  teaching,  must  be  sought  froi 
other  fields.  There  are  large  nun 
bers  of  persons  in  other  fields  whf  j 
scientific  and  technical  training  ii 
eludes  sufficient  physics  so  that  the 
can  do  work  ordinarily  requirin 
physicists.  Several  hundred  such  pe; 
sons  are  already  substituting  f( 
physicists  in  research  and  in  teac! 
ing. 

Reports  of  the  National  Ro?- 
upon  the  shortages  of  physicists  ii 
dicate  that  several  hundred  m. 
emergency-physicists  will  be  needr 
All  persons  who  feel  that  they 
be  able  to  serve  in  the  capacity  ( 
physicists,  either  in  research  or  2 
teachers  of  beginning  physics  in  tii 
training  programs  of  the  ariri" 
forces,  should  at  once  communicat 
with  Dr.  Homer  L.  Dodge,  Direcf ^ 
of  the  Office  of  Scientific  Personriil 
National  Research  Council,  2101  Qm 
stitution  Avenue,  N.  W.,  WasbiTi? 
ton  25,  D.  C. 


From  Blaw-Knox  steel 
towers  all  across  the 
country  go  a  constant 
stream,  of  signal .  impulses 
by  radio',  to  keep  a  flyer 
on  the  beam  — ^  and  bring 
him  safely  in.  You  ihay  be 
sure  that  every  Blaw-Knox 
vertical  radiator  — 
whether  for  .broadcasting 
or  for  aviation  —  is  built 
to  measure  up  to  all  of  its 
wartime  responsibilities. 


New  Fees  for  Alien  Patents 

Beginning  Aug.  1,  1943,  licenses  t 
use  enemy-owned  patents  held  by  th 
Alien  Property  Custodian  will  be  i: 
sued  for  a  flat  fee  of  $15  per  pater, 
According  to  Leo  T.  Crowdey,  this  a; 
rangement  will  make  it  easier  fc 
small  manufacturers  to  put  sing' 
patents  to  work  promptly,  and  wi 
more  equitably  compensate  APC  fc 
w'ork  involved  in  searching  out  C' 
tractual  agreements  that  already  p 
ist  on  specific  patents. 

The  old  fee  w'as  $50  for  the  fir 
patent,  plus  $5  for  each  relat- 


BLAW-KNOX  DIVISION 
OF  BLAW-KNOX  CO. 

Farmers  Bank  Bldg-# 

’  •  '  Pittsburgh,  Pa. 


FM  &  TELEVISION  TOWERS 


EI.ECTHOMi 


*  i 

i 
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1 
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Banery  heacer  for  installation  between 
cells  to  maintain  temperature, 

for  maximum  battery  efficiency. 


Here’s  design  help  on 


TulTernell  polymerizins  pocdns  com¬ 
pound.  A  new  material  that  does  not 
melt.  Has  neslisible  coefficient  of  ex- 
jwnsion,  maintains  flexibility  at-40‘’C 
and  offers  good  moisture  resisting 
and  electrical  characteristics. 


W^stinghouse 

PLANTS  IN  25  CITI E  S  . . .  O  F  F I CE  S  EVERYWHERE 
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High  altitude  carbon  brushes,  elimi¬ 
nating  excessive  wear  and  providing 
dependable  d-c  power  under  severe 
high  altitude  conditions. 


Proper  functioning  of  sensitive  radio  parts  in  the  rarified 
atmosphere  and  sub-zero  temperatures  encountered  at  high  al¬ 
titudes  has  been  a  troublesome  problem.  Westinghouse  engineers 
have  co-operated  with  many  designers  to  work  out  a  variety 
of  solutions,  of  which  the  accompanying  illustrations  are 
typical  examples. 

Perhaps  these  are  directly  applicable  to  your  problem;  or  it 
may  be  that  yours  is  completely  different.  In  either  case,  trained 
and  experienced  Westinghouse  representatives  are  ready  to  help 
you;  call  them  today.  Westinghouse  Electric  &  Manufacturing 
Company,  Dept.  7-N,  East  Pittsburgh,  Pennsylvania.  j-94566 


Signal  Corps  is  Reorganized 

In  place  of  the  old  Signal  S  ippj 
Services  and  Signal  Operating  Sen 
ices,  Major  General  Harry  C. 
has  as  new  Chief  Signal  Offictr  ii 
stituted  an  organizational  sctu 
providing  five  services: 

1.  Procurement  and  Distribvtk 
Services,  headed  by  newly-promote 
Major  General  W.  H.  Harrison. 

2.  Engineering  and  Terh^ 
Services,  under  Major  General  Rop 
B.  Colton,  who  will  direct  all  deve 
opment,  research  and  maintenau 
activities  of  the  Signal  Corps. 

3.  Army  Communications  Servk 
under  Brigadier  General  Frank  I 
Stoner. 

4.  Personnel  and  Training  Servk 
headed  by  Brigadier  General  J.  1 
Matejka,  recently  returned  to  Wad 
ington  after  having  served  as  Chit 
Signal  Officer  under  General  Eiiei 
hower  for  the  Allied  Forces  Con 
mand  in  North  Africa. 

5.  Army  Pictorial  Service,  unde 
Colonel  Elirke  B.  Lawton. 

Major  General  James  A.  Code,  Jr 
who  was  Assistant  Chief  Signal  01 
ficer  under  retiring  General  Ok 
stead,  retains  that  capacity  und^ 
General  Ingles. 


Figure  1.  Here,  the  vibrating  reed  shows 
a  frequency  of  60  cycles  per  second.  It  is 
easy  to  read  because  the  white  enam- 
ell^  flag  on  the  60  cy.  reed  is  vibrating 
through  three  times  its  normal  length  — 
against  a  black  background. 

Figure  2.  This  same  meter  now  shows  a 
frequency  of  60.5  cycles.  The  60.5  cy. 
reed  shows  maximum  vibration,  brack¬ 
eted  by  the  60  cy.  and  61  cy.  reeds 
vibrating  equally  but  to  a  lesser  extent, 
directing  the  eye  to  the  60.5  cy.  reed. 

Figure  3.  Now,  both  60.5  cy.  and  61  cy. 
reeds  are  vibrating  equally,  each  but 
slightly  less  than  maximum'.  True  fre¬ 
quency  is  correctly  read  as  60.75  cycles 
per  second.  These  examples  show  hov.^ 
half-cycle  increments  give  easy,  accu¬ 
rate  readings. 

J-B-T  Vibrating  Reed  Frequency 
Meters,  because  of  their  fundamental 
soundness  and  simplicity  of  design,  are 
low  in  power  consumption  and  are  per¬ 
manently  accurate,  even  under  adverse 
vibration  conditions.  Because  they  are 
not  affected  by  wave  form,  by  normal 
temperature  change,  or  by  external  mag¬ 
netic  fields,  these  instruments  are  giv¬ 
ing  excellent  service  on  engine-genera¬ 
tor  sets  —  in  laboratories  —  and  in  many 
types  of  electronic  equipment. 

For  prompt  delivery  —  for  the  RIGHT 
meter  to  fit  your  specifications  and 
needs— specify  J-B-T  Vibrating  Reed  Fre¬ 
quency  Meters  —  available  in  full  range 
of  frequencies,  voltages,  reed  groupings 
and  case  sizes.  Oiu:  engineers  will  gladly 
work  with  you  on  your  problems . . . 
without  obligation. 


Figure  I 


Wall  Si.  Watches  EIecir»»uic 

The  present  active  role  of  elekn 
ics  in  industry  and  the  postwar  pr-i 
pects  in  this  field  were  discussed  i 
the  last  two  lectures  presented  in  k 
Governing  Room  of  the  New  Y  r 
Stock  Exchange  under  the  ausp;  j 
of  the  In.stitute  of  Finance.  (Pi  i 
ous  lectures  were  reported  in 
July  issue  of  Electronics.) 

Electronics  at  Work  in  Industry 

A.  C.  Monteith,  Manager  of  Wr- 
inghouse’s  Industry  Engin»tri: 
Dept,  introduced  his  resume  of  ir 
tifiers,  carrier  current  relaying, ! « 
cipitrons,  welding  controls,  fluor« 
cent  lighting  and  high-frequi  nc 
heating  in  industry  with  the  .  i 
ment  that  the  position  of  elocut  !  a 
today  is  somewhat  like  that  wb  c 
existed  when  President  Jefferson 
vested  16  million  dollars  in  the  1  o 
isiana  Purchase.  The  people  vagu^ 
knew  they  had  something  potent  ^ 
great,  but  didn’t  dream  of  its  tr 
significance  for  a  good  many 


Figure  2 


Figure  3 


(Manufactured  under  Triplett  Patents  and/or  Patents  Pending) 


Illustrated  Bulletin 
VF-43  is  now  ready. 
Write  for  your  copy 
now. 


441 -H  Chapel  Street,  New  Haven  8,  Conn 
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476  BROADWAY  •  NEW  YORK  13,  N.  Y. 


This  is  ELECTRONICS  in  operation  .  .  .  but 
not  until  the  full  facts  are  released  will  you  be 
able  to  see  all  the  technical  developments. 


TRONIC 


physically,  are  assemblies 
of  components,  each  one 
contributing  its  share  toward  making  the  in¬ 
strument  function.  Among  the  many  activities 
of  American  Radio  Hardware  is  the  manufac¬ 
ture  of  over  one  hundred  parts  used  in 
ELECTRONIC  equipment  and  applications. 
That  our  components  are  used  in  the  produc¬ 
tion  of  this  mighty  weapon  is  in  itself  a  hne 
tribute  to  our  skill  and  our  facilities. 


ELECTRONIC  equipment  is  comprised  of 
many  individual  components  .  .  .  plugs, 
jacks,  insulators,  etc. 


With  electrical  and  mechanical  tolerances  as  critical  as  they  are  nowadays, 
all  of  our  components  have  been  improved  to  a  commanding  degree, 
they  are  released  for  general  use,  they  will  be  able  to  serve  you  better 
ever  before.  Your  inquiries  regarding  the  entire  ARHCO  line  are  welcomed. 


KELVIN- 
WHEATSTONE 


BRIDGE 


NO.  637 


A  SHALLCROSS  Development 


‘ttv 


-M 

A  wkl»  range  resistance -measuring  inshv- 
ment  —  combining  the  features  of  the  Kelvin  - 

and  the  Wheatstone  Bridge.  ^  v  ^ 


IT  MBASUKES ... 

Low  rotisfonces  between  0.001  ond  1 
ohm  on  Hie  Kelvin  range. 

Normal  resistances  between  10  ohms 
and  1 1 ,000,000  ohms  on  the  Wheotstone 
range. 

A  portable  instrument  of  moderate'  ac> 
curacy  for  practical  resistance  meosure- 
ments  for  factory,  service  shop  ond  field  use. 
Address  Dept.  3. 


€utd 


Accwate  Resistors — Switches — %>ecia/  Equipment  and 
Speckd  Measuring  Apparatus  for  Protection  and  Rou¬ 
tine  Testing  of  ElectriccJ  Equipment  on  fMHary  Aircraft 
I*.  ^  . . .  Sh^ . . .  Vehicles  . . .  Armomefit . . .  and  Weapons 


afterward.  His  conclusion  ind 
w’hat  the  nature  of  this  future 
be : 

“One  of  the  difficulties  encount 
ered  by  the  electronics  industry  \ 
the  early  thirties  was  the  fact  ;  hat  i 
was  ahead  of  industrial  acceptanr 
at  that  time.  In  the  meantime,  ther 
has  been  considerable  educationj 
work  done  in  the  schools ;  most  of  th 
schools  have  electronics  courses  nny 
Industry  ■‘also  has  done  quib?  a  bi 
of  educational  work.  Certainly  th 
large  number  of  men  in  the  arme 
forces  who  are  dealing  with  el  rtn.! 
ics  and  staking  their  lives  on  ek, 
tronics  are  going  to  come  back  wit 
!  a  much  better  appreciation  of  th 
I  limitations  and  uses  of  eleetronk 
And  I  think  we  are  going  to  find 
greater  acceptance  of  electronics  ! 
industry  than  we  have  seen  di 
played  in  the  past. 

“However,  I  w’ant  to  issue  i 
word  of  caution^  as  far  as  the  intrc 
duction  of  el^trbnics  to  industry  i 
concerned.  As  engineers,  we  don 
want  to  try  to  do  everything  ek 
tronically  just  because  electronics  ii 
a  popular  subject  at  the  present  tim^ 
Let’s  keep  it  on  a  good,  sound  basi; 
Let’s  be  sure  that  the  thing  we  ar 
doing  in  industry  electronically  ; 


200-KW  TUNING  UNITS 
FOR  ELECTRONIC  FUSING 
OF  TIN 


■  z:-  i 


HALLCROSS  MFG.  CO. 


COLLINGDALE,  PENNA. 


Tuning  units  for  Westinghouse  indue!-: 
heating  equipment  to  be  used  in  fus::’ 
tin  plate  on  steel  strip.  Each  unit  hand  « 
the  200  kilowatt  output  of  a  vacuum  tul 
osc.llator  eparating  wi*h  a  d-c  plot*  to. 
age  ol  17,000  volts  and  generatinq 
frequency  of  203  kc. 
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TOUGH  TEST 

You  can  easily  make  proves, 
new  ''extra  flex"  Fiberglas 
sleeving  Is  non-fraying 


NON-BURNING  IMPREGNt 
VARNISHED  TUBING  • 


A  new  sleeving  which  we  have  just  developed  is 
as  flexible  as  a  piece  of  string  and  also  non-fraying. 

A  buyer  of  thousands  of  feet  of  sleeving  was  con¬ 
vinced  of  its  flexibility,  but  skeptical  of  our  non¬ 
fraying  claims  until  he  applied  a  tough  test  of  his 
own,  which  you  can  easily  duplicate — this  way: 

Secure  from  us  a  sample  of  new  BH  extra  flex¬ 
ible  Fiberglas  Sleeving  equal  in  sire  to  the  sat¬ 
urated  sleeving  you  now  use.  Insert  the  end  of  a 
mechanical  pencil  into  the  ends  of  both  the  new 
BH  extra  flexible  Fiberglas  Sleeving  and  your 
present  saturated  sleeving  and  push  hard.  BH 
extra  flexible  Fiberglas  Sleeving  will  spread  slightly 
but  without  breaking.  The  usual  saturated 
sleeving  will  break  down  at  the  edges  and  sepa¬ 
rate.  As  an  added  test,  tap  the  ends  of  both  pieces 
of  sleeving  with  your  finger.  Continued  manipula¬ 
tion  will  produce  only  the  slightest  fuzz  on  the 
BH  extra  flexible  Fiberglas  sample,  whereas  the 
saturated  sleeving  will  readily  unravel  and  be¬ 
come  progressively  worse. 

NONFRAYING  •  FLEXIBLE  •  HEAT-RESISTANT 
NON-INFLAMMABLE  •  WATER-RESISTANT 
NON-CRYSTALLIZING  at  LOW  TEMPERATURES 

The  new  BH  extra  flexible  Fiberglas  Sleeving  is 
woven  from  the  choicest  continuous- filament  Fiber¬ 
glas  yams.  It  piossesses  high  dielectric  strength, 
is  water-resistant  and,  like  all  BH  Sleeving  and 
Tubing — is  non-inflammable.  ’  1  - 

All  s^zes,  from  No.  20  to  inclusive,'^fe‘e 
available.  Write  for  samples  of  this  radically  new 
and  different  sleeving  today — in  the  sizes  you  de¬ 
sire.  Seeing  is  believing!  Bentley,  Harris  Manufac¬ 
turing  Co.,  Dept.  E,  Conshohocken,  Pa. 


TED  MAGNETO  TUBING  •  NON-BURNING  FLEXIBLE 
SATURATED  AND  NON-SATURATED  SLEEVING 


in 

t  hari^: 

uum  tul: 
Jale  Ts'1 
iratinq 


ONK^ 
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BENTLEY,  HARRIS  MANUFACTURING  CO. 

Conshohocken,  Penna. 


NESTED 
IN  ONE 
SECOND 


ance  and  circuit  wiring.  Circuit  faults  are 
located  speedily,  accurately,  by  the  Rotobridge 
numbering  method  —  if  it 
doesn’t  pass  the  Rotobridge  w- — 

it’s  not  ready  for  a  dynamic  ■ 


SEE  FOR  YOURSELF  HOW  FACTORY  CIRCUIT 
TESTING  CAN  BE  SPEEDED— WRITE  TODAY  FOR 
THE  ILLUSTRATED  ROTOBRIDGE  BULLETIN 


doing  it  better  than  the  me(  lar: 
way  of  doing  it  at  the  present  tiirJ 


Future  Thinking  about  Elect 


Dr.  W.  R.  G.  Baker,  General  E!i 
trie  vice-president,  classified  e! 
tronics  into  three  broad  fiel  is 
tertainment,  the  transfer  of  inte] 
gence,  and  the  industry  and  ho 
market — and  discussed  future  pi 
pects  of  each. 

“Probably  the  thing  that  u 
confuses  consumers  and  the  public 
that  they  feel  another  business 
big  as  radio  should  be  developed 
of  electronics.  Maybe  that  will  h 
pen;  but  today,  so  far  as  the  pu 
is  concerned,  electronics  represi 
the  mass  entertainment  business,  a 
to  us  as  businessmen  the  big  mori 
is  here  too,” 

Dr.  Baker  foresees  a  big  fut 
for  FM  and  television,  with  rad] 
paying  back  television  in  the  form 
improved  and  simplified  circuits  ai 
tubes,  but  believes  facsimile  to 
very,  very  much  in  the  distant  futi 
simply  because  we  don’t  know  h 
to  use  the  technical  possibilities  t!i 
are  now  available  in  a  wi^^  that  w 
give  a  return  on  the  required  inve 
nent. 

He  advocates  that  engineers 
ogether  and  agree  on  best  a!! 
ition  of  frequencies  for  televi^: 
i  id  other  services  now,  regardle 
of  what  it  means  to  what  has  br 
done  and  to  sets  now  in  use.  If  not 
ing  is  done  until  the  war  stops,  tl 
pressure  of  keeping  labor  gainful 
employed  will  probably  be  so  }rri 
that  there  will  not  be  time  to  do 
intelligent  job  of  reallocation.  Tij 
decisions  made  may  affect  us  for  tej 
balance  of  our  lives.  If  the  pn 
lems  are  not  met  intelligently  no 
we  may  be  forced  into  standar 
that  are  not  the  most  desirable. 

Commenting  on  the  economics 
radar  in  aviation  and  in  the  n;> 
chant  marine  after  the  war,  to  pe 
mit  full-speed  navigation  in  f  s 
darkness  and  bad  weather,  he  wan 
against  becoming  too  romanti 
about  the  amount  of  business  to  b 
obtained.  If  there  are  10,000  shir 
after  the  war,  the  market  will  i 
saturated  after  10,000  obstacle  li 
tectors  have  been  manufacture 
Likewise,  if  there  are  10,000  tran 
port  planes,  there  will  be  a  fro 
market  here  only  until  saturati 
is  reached  unless  engineers  bn: 
out  something  new.  In  the  noi  ' 
production  end  of  communication.' 


August  1943  —  ELECTRONK 


BRASS  AND 
POLYSTYRENE 
molded  together 


wide  experience  and  engineering  skill  breaks 
bottlenecks  on  the  war  production  front  in  PLASTICS. 

In  addition  to  creating  new  high  standards  of 
perfection  in  machining  we  also  do  specialized 
injection  molding  of  small  parts  and  inserts. 

.  y 

THER  Whether  your  req^ulrements  are  design  — 

production --experimental  —  problematical  -- 
...if  its  plastic... it  to  BRI LHA  RT... 

tn  Cu^tcrtn'TYla^AUieii  PCaStuA 


4-35  M10DLENECK  RD.  GREAT  NECK,N.Y. 
T^hone  :  GREAT  NECK  405A 


/\|N0LD  BRILHART  CO. 


CANVAS  V 


BAKELITE 


POLYST YRE 


>  CATALIN 


DUREZ 


< 


BAKELITE 


LAMINATED  BAKELITE  EBONY 

ASBESTOS 


PLEXIGLAS 


LUCITE 


VULCANIZED 

FIBRE 


FIBRE 
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theft,-  we  will  be  dealing  with  i 
of  small  markets  which,  however 
can  constitute  a  lot  of  bus  nesj 
taken  as  a  whole. 

Electronics  as  applied  to  indtistrv 
is  exactly  like  the  science  of  c  hem¬ 
istry.  Chemistry  is  an  indu  trial 
technique,  and  so  is  electronics.  i„ 
radio,  electronics  created  an  indus 
try,  but  in  industry  itself,  electi  onicj 
is  an  adjunct  like  chemistry. 

In  conclusion.  Dr.  Baker  idvn. 
cated  serious  consideration  of  mer¬ 
chandising  problems  so  as  to  avoid 
repetition  of  the  tremendous  dis¬ 
counts,  free  cruises  for  distributori 
who  bought  so  many  sets  or  tube;^ 
dumping  of  sets,  artificial  ohsoles. 
cence  of  sets  through  style  chan^fq 
and  the  questionable  adveitisin^ 
practices  in  the  radio  industry  ij 
the  early  thirties.  We  must  face  th( 
fact  that  some  of  the  small  com 
panics  are  doing  ten  times  more  busi 
ness  than  they  did  before  the  war 
and  they  are  not  readily  going  ti 
return  to  their  original  status. 


Tropic-Bound  Replacement 
Paris  Are  Sealed  in  Plastic 
Containers 

Replacement  radio  and  radar  par: 
destined  for  troops  in  the  tropics  an 
being  protected  against  moisture  ara 
fungus  growths  while  awaiting  ii>i 
by  means  of  modern  “glamour' 
packaging  materials.  Each  part  i 


LHHUWtLL  Condensers  are  made  of  for  sturdier 
stuff  than  the  sugar  and  spice  of  little  girls.  Tangibly — 
they  are  composed  of  fine  materials  .  .  .  sound  designs 
based  on  constant  study  and  experimentation  . . .  and  pre¬ 
cise  workmanship  by  proud  craftsmen. 


But — there  is  more  to  a  product  than  its  physical  aspects. 
Into  CARDWELL  Condensers  go  the  heritage  of  more  than 
twenty-five  years  of  experience,  plus  the  soundness  of 
judgment  that  comes  from  maturity.  Into  them,  too,  go  the 
patience,  personality  and  sweat  of  an  entire  organization. 


Plug-in  coil  lor  a  tromsmittor.  p- 
ior  a  tropical  doitination 


These  are  Components  of  Qualify! 
These  are  CARDWELL  Condensers! 


wrapped  and  sealed  individually  : 
transparent  packaging  material,  tb 
packed  in  a  rigid  transparent  I'ia 
container  made  by  Celanese  Cellul 
Corp.  under  the  trade  name  Lumu 
ith.  Final  sealing  of  the  contaire 
with  moisture-proof  tape  gives  pi( 
tection  against  water,  grease,  muli 
and  extremes  of  temptn 


CONDENSERS 


THE  AUEN  D.  CARDWEU  MANUFACTURING  CORP. 


BROOKLYN  1.  N.  Y, 


poison  gas, 
ture  and  humidity. 
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_ r  Stamps  for  Victory 


EEPING  THINGS 


^  AR  machine  is  an  intricate  and  complicated 
mechanism,  with  all  its  planes,  tanks,  ships  and  guns. 
0  keep  it  functioning  smoothly  and  efficiently  requires 
, lit -second  timing,  and  precise  coordination. 

[1  this  vital  task  of  keeping  things  under  control,  Simpson 
nstruiiients  and  testing  equipment  are  playing  an  im- 
yrtant  part.  So  our  part,  here  at  Simpson,  is  to  produce 
II  the  instruments  we  can,  and  to  make  them  the  best 
liat  skill  and  ingenuity  can  devise.  This  we  are  doing 

iHoleheartedly. 

)ur  only  aim  is  the  common  cause  that  today  unites  all 
p.Justry  and  all  American  workers.  If  we  can  make  our 
leapons  as  good,  and  as  tough,  as  the  men  who  wield 
km.  victory  will  be  well  in  hand. 

IMPSON  ELECTRIC  COMPANY 

200-32 18  Kinzie  Street,  Chicago  44,  Illinois 


UNDER  CONTROL 


.K( 


RONICS  —  August  1943 


215 


New  Electronic 
Consulting  Group 

To  EXPEDITE  present  wartime  app]; 
cations  of  electronic  devices,  i,tili2! 
present  developments  to  the  fuller 
extent  in  postwar  applications,  ant 
make  immediately  available  to  a! 
industries  the  electronic  develor. 
ments  found  practical  in  one  indo# 
try,  Westinghouse  has  establish^ 
a  group  of  electronic  enginet  rs  ti 
serve  as  consultants  and  cooruinati 
developmental  work  on  new  e’er 
tronic  methods  of  doing  specific  job 


Gordon  F.  lonos  (loft)  and  Carl  I.  Madm, 
soaior  oloctronic  onqinooro  la  tho  m« 
Wostinghoute  consulting  group,  thowo 
oxomining  tho  olomonts  in  a  portially  da- 
mantled  100-kw  oscillator  tubs 


Two  senior  engineers,  Gordon  F. 
Jones  and  Carl  J.  Madsen,  will  head 
this’  Industry  Engineering  group. 
Mr.  Jones  has  been  with  Westing- 
house  for  24  years,  with  the  most 
recent  of  his  various  positions  being 
in  Central  Station  Engineering.  Mr. 
Madsen  has  had  17  years  of  elec¬ 
tronics  experience  with  Westing 
house,  and  was  recently  Section  En¬ 
gineer  in  the  Baltimore  plant.  He 
will  act  as  consultant  on  applica 
tion  work  in  connection  with  elec 
tronic  methods  in  process  and  speed 
control,  induction  and  dielectric  heat 
ing,  and  will  coordinate  educational 
work  in  electronics. 

Amos  Germain,  with  Westing 
house  since  1929  and  recently  a 
meter  and  electronic  specialist  in  the 
Northwest  District,  will  direct  the 
commercial  relations  of  this  elec 
tronic  group. 

In  announcing  th6  new  setup  at  a 
luncheon  in  New  York  City  attended 
by  editors  of  technical  papers,  A.  C. 
Monteith,  Manager  of  the  Industry 
Engineering  Department,  empha- 


H,w  Pr.«i*io«  and  Prod.ctioB  Speed 
for  »or  S? 


5ICOR  attajos  not  only  top  SPEED  .  .  .  but  ACCURACY,  as  well  .  .  . 

t/oi^  to  a  few  ''tenths"  ...  in  the  production  of  perfect  armatures 
for  the  motors  and  dynamotors  so  urgently  needed  by  the  Armed  Forces. 
MEASURING  AS  IT  GRINDS,  the  unit  shown  above  grinds  armature 
shaft  surfaces  in  minimum  time  to  minute  specifications.  The  operator 
simply  inserts  the  work  . .  .  watches  indicator  needle  until  it  registers 
at  zero  . .  .  then  removes  shaft. 


In  setting  up  for  this  type  of  grinding,  a  master  shaft  gauge  is  employed 
.  .  .  accurate  to  millionths  of  an  inch!  The  indicating  mechanism  is 
adjusted  to  zero  reading  on  this  gauge  .  .  .  and  locked  in  position. 
Measurable  contact  is  maintained  by  tungsten  carbide  tips.  These  points 
make  contact  in  the  lubricant  .  .  .  and  last 
indefinitely. 


Keeping  ahead  in  motor  design  and 
manufacture  is  a  constant  aim  here  at  Eicor. 
If  you  have  a  problem  involving  rotary 
electrical  equipment,  call  or  write  us. 

Our  extensive  engineering  facilities  gre 
at  your  service. 


IR!1©o  1501  W.  Congress  St.,  Chicago,  U.S.  A. 

DYNAMOTORS  •  D.  C.  MOTORS  •  POWER  PLANTS  •  CONVERTERS 

fxporf:  Ad  Auriema,  Brood  Sf.,  New  York,  U.  5.  A.  Cable:  Auriema,  New  York 
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...a  typical  B&W  high-power  coil 


Over  10“  in  diameter  by  20“  long,  and  designed 
for  10  KW.  service,  this  variable-link  final  ampli¬ 
fier,  plate  coil,  is  a  good  example  of  B  &  W  engi¬ 
neering  at  work  on  the  job  of  matching  modern 
induaor  requirements.  B&W  Inductors  of  this 
general  type  are  available  in  all  standard  fre¬ 
quency  ranges.  Coils  are  bolted  in  place,  and  may 
be  switched  for  band-changing  with  a  minimum 
of  time  and  effort.  Connections  are  silver-soldered, 


and  all  metal  parts,  including  coils,  are  heavily 
silver-plated.  Coils  in  the  unit  illustrated  are  of 
%  copper  tubing.  Other  B&W  Air  Inductors  of 
this  type  utilize  tubing  as  large  as  1“. 

FAST  DELIVERIES  on  all  B&W  Air  Inductor 
types  are  assured  by  our  greatly  expanded  facili¬ 
ties,  and  straight-line  production  on  most  smaller 
types.  Engineering  data  on  any  type  upon  request. 


BARKER  &  WILLIAMSON,  235  Fairfield  Ave.,  Upper  Darby,  Pa. 


»•  ^  W  TURRETS  —  BAND  HOPPERS  — 

Mir  inovcrors  |  SWINGING  LINK  ASSEMBLIES,  HC. 

BAsirs  AND  JUNIORS"  (25  to  75  woffij  P  SPECIAL  RADIO  AND  ELECTRONIC 

STANDARD  TYPES  (100  wafH  to  ?  KW.)  A  EQUIPMENT  ASSEMBLIES 

SPECIAL  HIGH-POWER  TYPES  P  k  Variable  Air  Condensers 

KW.  and  nnulralixing  fyp«) 

anufacturers  of  quality^  electronic  components  for  over  a  decade 
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PRDDUCinG  FDR  WAR 


eace 


Peru,  Indiana 


for  crystals— those  t^S^' 
i-m*  babies  that-' stand  up  under- a  terrific 
pounding — we  rolled  them  d^  in  record 
time.  All  thanks  to  the  faithful  skilled 
personnel  who.  converted  our  Rpdio  Cab¬ 
inet  Factory  into  an  important  "arsenal 
for  democracy." 


2S,000  square  feet  of  clean,  daylight  fac¬ 
tory  hummed  and  is  still  humming  with 
activity.  Our  carefully  planned  Electro¬ 
nics  Laboratory  discovered  short  cuts — 
better  methods — we  applied  these  les¬ 
sons  and  passed  them  on  to  others  in  the 
Crystal  Industry.  Many  of  them  hove  ex¬ 
cellent  peace  time  production  angles- 


We  merely  cite  these  facts  to  tell  you 
what's  behind  the  WALLACE  name.  We 
want  you  to  know  that  here  in  the  Heart 
of  America  there's  a  group  of  skilled, 
happy,  craftsmen  with  ample  facilities 
and  plenty  of  good  old  "Yankee  Know 
How"  ready  to  help  you  with  your  pro¬ 
duction  problems  of  War  today  and 
Peace  tomorrow! 

Write,  Wire  or  Phone  "Bill"  Wolloce 


Amos  I.  Germain,  in  ebarqe  oi  commercial 
relations  in  the  Westinghouse  group  ut 
up  to  guide  industrial  electronic  work 

sized  the  importance  of  appraisir, 
each  possible  electronic  applicatit 
and  comparing  it  with  time-trie! 
mechanical  methods.  With  efe 
tronics  growing  so  fast,  the  dangw 
of  being  swept  off  our  feet  increase 
correspondingly.  It  will  be  th 
duty  of  this  new’  group  to  recom 
mend  the  best  method  w’hen  unalyz 
ing  industrial  applications,  regard 
less  of  whether  or  not  it  is  an  elcc 
tronic  method. 


Movie  Shows  Electronics 
At  Work 

A  NEW  20-minute  sound  film  in  If 
mm  print  has  been  made  available  bv 
Westinghouse  for  free  loan  to  wvl 
plants  and  engineering  and  technic^  j 
societies.  Animated  drawings  shov 
tube  construction,  explain  the  siv 
basic  functions  of  electronic  tub^ 
and  give  operating  principles  of  iir. 
portant  electronic  applications.  Many 
scenes  show  actual  equipment  in  ui*e. 
The  chief  purpose  is  to  explain  elec 
tronics  in  a  clear,  visual  manner  t 
the  army  of  technicians  w’hose  war 
time  duties  now  include  operatu: 
of  electronic  devices. 

The  film  can  be  obtained  by  writ 
ing  to  Dept.  7-N,  Westinghouse  Elec. 
&  Mfg.  Co.,  East  Pittsburgh,  Pa. 


UJm.T.UJflLLflCE  iriFG.Ca. 

PERujnomnp 


Light-sensitive  devices  installed "" 
the  new  War  Department  Buildii^ 
in  Arlington,  Va.  reduce  fuel  con 
sumption  by  lowering  heating  sy? 
tern  temperatures  automatically  in 
section  being  warmed  by  the  sun. 
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CLOTH  IS  THE 
MEANS  TO  MANY  ENDS 

We  take  cloth  in  many  weights  and  textures  and  then  upon  or 
within  that  cloth  we  prepare  it  for  a  great  many  different 
uses  —  too  many  to  enumerate,  too  varied  in  properties  to 
fully  describe  —  too  rapidly  extending  into  new  fields  of  uc« 
to  classify. 

Cloth  is  a  foundation  structure  extremely  flexible  and  very 
strong.  It  may  be  impregnated  with  a  water  resistant  synthetic 
retaining  its  texture  appearance,  or  it  may  be  surface-coato^l 
concealing  the  texture. 

Treatments  render  it  waterproof,  mildew-proof,  fire  and 
weather  resistant.  Transparent  as  in  the  case  of  tracing  cloth, 
opaque  as  for  window  shades,  etc.  Treated  cloth  has  a  great 
industrial  field  of  usefulness  —  only  partly  explored. 

Our  business  is  preparing  cloth  for  special  needs  print 
cloth,  sheeting,  drill,  twill,  duck  —  dyed,  coated,  impregnated, 
stiffened,  etc.  Consider  doth  for  your  post  war  needs  —  consult 
Holliston. 


PRODUCTS 


ROOKBINDING  FABRICS 

(a)  Waterproof,  fuN  coated  or  impreg- 
noted.linemand  veBuim:  Pyroxylin  and 
other  synthetic  resin  and  lacquer  treat¬ 
ments. 

(b)  Starch  flBed.  coated,  impregnated. 
Natural  rough  or  smooth  flisishes,  em¬ 
bossings,  printings. 

SHADf  aOTH 

(a)  Pyroxylin  or  resin  impregrtoted 
woterprool,  meeting  Government  speo- 
Rcolions. 

|b)  Starch  filled,  water  color,  machine 
oil,  oil  lints,  oesd  HoHotsd  type  shodes; 


oil  filled  opocfues;  fast  dyed  duck 
shades;  light-proof  and  tronslucenl. 


PHOTO  aOTH 

Photo  Mosxiling  doth  (self  adhesive  ). 

KONFORaNG  FABRICS 
All  types  of  waterproof  and  filled  rein¬ 
forcing  fabrics  and  indusiria  I  cambrics. 
Various  weights  from  the  thirwsesl  priest 
doth  to  the  heaviest  drilb  oisd  twiRs. 

SIGN,  LABEL  AND  TAG  aOTHS 
Waterproof  and  stardi  filled.  We  can 


design  a  surface  that  will  take  any  ink 
or  meet  any  inking  problem. 

RUBBER  SEPARATOR  aOTHS 

Starch  ftHed  glazed  sheetings  and  base 
treated  starched  fobrics  for  waterproof 
separator  dolhs. 

INSULATING  aOTH  BASS 

Bose  treated  and  stiffened  fabrics  for 

insulating  doths. 

TRACING  A  BLUE  PRINT  aOTHS 
White  and  blue  ink  or  pendl  doth;  map 
doth;  blue  priest  doHv  iNn  oesd  regular. 


UPBNG  FABRICS 

Shoe  oesd  drapery  liniesgs;  starch  filled, 
spedal  filled,  mercerized  oesd  shreieser 
finishes;  all  colors  and  widths. 


COATED  AND  IMPREGNATED 
FABRICS 

AM  widths  oesd  colors;  syeslhetic  resies, 
esHro  celluiose,  therisso  plastic  oesd 
thernso  setting  coatings;  mildew  proof- 
iesg;  fire,  weather  oesd  water  resistant 
flcsishes,  gas  i  mpermeable  flesishes,  etc., 
for  war  oesd  indusiria  I  purposes.  Specks  I 
treotmeests  to  meet  specks  I  needs. 


7Ae  HOLLISTON  MILLS, 


CONVERTtNG  CLOTHS  TO  GREATER  USE  FIELDS 
NORWOOD,  MASSACHUSETTS 
Sales  Agents  in  Principal  Cities 
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You  Can  Depend  on  ADC  for  Quick 
Delivery  on  Key  Switches  and  Jacks 


Audio  Development’s  reputation  for  precision  quality 
keeps  orders  coming — expanded  facilities  send  them  out 
in  a  hurry.  We  offer  immediate  service  on  standard  units 
made  from  stock  parts  to  your  specifications  — prompt 
delivery  on  special  types. 

ADC  Key  Switches  assure  quiet,dependable  operation  in 
vital  communication  circuits.  Standard  types  allow  a  max¬ 
imum  of  seven  springs  in  each  quadrant,  providing  a 
wide  variety  of  locking  and  non-locking  switching  com¬ 
binations.  Silver  alloy  contacts  are  standard  — *  special 
contact  materials  can  be  supplied  if  desired.  Available 
with  or  without  mounting  plates. 

ADC  Jacks  are  of  approved  welded  box  construction 
assuring  rigid  alignment  of  all  parts.  Non-aging  springs 
provide  permanent,  proper  tension.  Additional  springs 
allow  for  switching  of  auxiliary  circuits.  Available  for 
use  with  all  standard  two  and  three  circuit  telephone 
type  plugs. 

Send  us  your  detailed  specifications 
and  requirements.  We  are  equipped 
to  serve  you  promptly  and  efficiently. 


FM  News 


Tree  foliage  surrounding  an  F 
ceiving  antenna  can  reduce 
strength  as  much  as  50  percent 
cording  to  Walter  J.  Damm,  pre^ 
dent  of  FM  Broadcasters  Inc.  Sud 
den  increases  in  signal  intensity  wep 
observed  in  various  locations 
fall  when  leaves  fell  off  trees 
careful  measurements  at  regular  ii 
tervals  this  spring  by  Phil  I  ae.„ 
chief  engineer  of  W56M  in 
waukee,  definitely  established  a  rela 
tionship  between  foliage  and  sign 
strength. 


Signal  Corps  to  Train 
Women  as  Inspectors  in 
Radio  Factories 


Under  a  program  being  launched  bJ 
the  Signal  Corps,  women  are  beinj 
trained  as  civilian  inspectors  foj 
duty  in  factories  producing  militap 
radio,  radar  and  telephone  equip 
ment.  The  salary  of  $1752  a  year] 
starts  at  the  beginning  of  the  6-we«ii 
training  period.  Selections  of  appliJ 
cants  are  to  be  made  at  local  CiviQ 
Service  Commission  offices  through 
interviews  and  simple  aptitude  testd 
High-school  graduation  is  preferred} 
but  equivalent  education  and  experi-| 
ence  is  acceptable.  Those  seleetedl 
will  receive  training  in  their  honr 
areas.  Men  are  also  sought,  but  mi’ 
be  outside  Selective  Service  aj:- 
brackets  or  physically  unfit  for  m:,‘- 
tary  service. 


Personnel 


Major  General  W.  H.  Harrison.| 
AT&T  vice-president  and  chief  en¬ 
gineer  on  leave,  received  his  pro¬ 
motion  from  Brigadier  General 
simultaneously  with  a  transfer 
from  the  Army  Service  Forces  to 
the  Office  of  the  Chief  Signal 
Officer. 


Raymond  F.  Guy,  speaking  at  the 
recent  joint  IRE-AIEE  conference 
in  Cleveland,  revealed  that  the 
first  patents  on  transmission  i 
reception  by  FM  were  applied  fori 
in  1902.  His  talk  on  FM  vs  AM 
emphasized  possibilities  of  program 
transmission  between  stations  by 
u-h-f  relays. 


S.  I.  Cole,  president  of  Aerovoxj 
Corp.,  was  elected  a  member  of  the| 
RMA  Executive  Committee. 


kM 
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tyrants  not  wi  iiJLo  w  my  koaJ 
TJot  So// my  sou/ foo  tk*  Saks  of  kroad 
%Ui//in^/^  S  ktar  sacnfico  and  pain 
I  Wi//in^/^  J  Servo  in  democracy  S  name 

I  %/nti/ my  dokt  to  kumanity  kaS  Loon  paid 

PROM  the  Atlantic  to  the  Pacific,  n,,ss  ns  ,  ,  t  t 

r  1  •  •  •  L  I  lA/i//  ^  face  tko  datvn  unafraid 

from  the  great  cities  to  the  tiny  ham-  f  ^ 

lets,  from  the  mighty  and  the  hum¬ 
ble  —  come  tangible  evidences  of  II _ . _ _ _ _  ^ 

America’s  payment  to  humanity.  Giving  of  our  sons 
and  our  resources  and  our  dollars  ...  to  free  the  world 
from  dictators  and  tyrants.  We  of  Kenyon  know  that 
building  a  better  transformer  is  but  a  small  accomplish¬ 
ment  when  you  consider  the  whole  of  the  war  effort. 
However,  that  is  our  part,  and  we’re  giving  it  our  best 
.  .  .  and,  when  the  dawn  of  peace-day  breaks,  we’ll  be 


UAKKOF 


EXCELLENCE 


tremendously  thankful  that  we  did.  Come  on— every 
body— faster,  better— better,  faster! 


Aero  vox 


KENYON  TRANSFORMER  CO..  Inc. 


840  BARRY  STREET 
NEW  YORK,  U.  S. 


UR  PINT  OF  BLOOD  CAN  SAVE  A  SOLDIER’S  LIFE... VISIT  YOUR  LOCAL  RED  CROSS  BLOOD  BANK  TODAY! 
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tus.  Though  receiving  thus  one 


the  highest  AIEE  honors,  he  \- 


Hold  constant  varying  A.C.  input  voltage  to  ^^2%. 
Stabilize  at  any  load  within  their  ratings. 

Quick  action-fluctuating  input  voltage  is  stabilized  in¬ 
stantly.  Variations  cannot  be  observed  on  an  ordinary 
volt  meter. 

Wide  A.C.  input  voltage  limits  ...  95  to  135  volts. 


never  taken  formal  training  as ; 
electrical  engineer.  Instead,  matt 
matics  predominated  in  his  studi 
at  Harvard,  with  electrical  kno« 
edge  being  obtained  from  study  i 
books  at  night. 


Entirely  automatic  ...  no  moving  parts  . . .  requires  no 
maintenance  .  .  .  connect  it  and  forget  it. 

What  are  your  requirements  for  accurately  controlled 
voltages?  Would  you  like  information  on  how  Raytheon 
Voltage  stabilizers  can  solve  your  problem  by  controlling 
fluctuating  voltages  to  plus  or  minus  3  2%.  Write  specify¬ 
ing  your  particular  requirements 
and  Raytheon  engineers  will 
make  their  recommendations. 

Bulletin  DL48-537  is  new — do 
you  have  your  copy? 


The  coveted  Army-Novy  for 
Excellence  in  the  manufacture  of 
viror  equipment  and  tubes,  flies 
over  all  four  Raytheon  Plants 
where  12,000  men  and  women 
are  producing  for  VICTORY. 


RAYTHEON  MANUFACTURING 

^  /  A  190  WILLOW  ST  WALTMAA^.  />AASS, 


Dr.  Ettore  Bellini,  who  in  cc 
laboration  with  Commandant  . 
Tosi  produced  the  Bellini-Tosi  s;. 
tern  of  direction  finding,  died 
January,  presumably  in  Italy. 

John  Stone,  holder  of  more  ti- 
120  radio  and  telephone  patents  an 
past  president  of  IRE,  died  in  c 
Diego  on  May  20  at  the  age  of  < 
His  early  patents  include  a  syste 
of  radio  telegraphy  which  mai; 
tains  secrecy  of  messages  autonu' 
cally,  and  a  radio  bearing-deter 
ining  system  for  ships. 
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POWDERED  IRON 


INSULATION 


molded  metal  powder  and  carbon  products 


IRON  CORES  FOR 

CHOKE  COILS 


HIGH-RESiSTIVITY 

CORES 


Ihese  little  units  have  been  designed 
for  use  with  audio  chokes,  "hash”  chokes, 
R-F  chokes  and  various  others  They 
consist  of  an  iron  core  having  insulated 
leads  and  resembling  the  axial  lead-type 
resistors.  These  cores  reduce  the 
physical  dimensions  of  the  choke 
coil,  and  the  iron  serves  to  in¬ 
crease  the  "Q”.  The  insulated 
leads  serve  as  connections  to  the 
coil  and 


Where  cores  having  high  unit  resistivity 
arc  needed,  Stackpole  offers  a  special 
material  showing  resistance  of  practically 
infinity.  Cores  of  this  material  are  recom¬ 
mended  for  applications  where  a  resis¬ 
tance  of  1 50  megohms  or  greater 
is  required,  and  where  voltages 
do  not  exceed  the  breakdown 
value.  The  insulation  reduces 
leakage  currents  and  their  re¬ 
sultant  noise  troubles  when  coil 
is  located  on  or  touching  this 
high  resistance  core;  possibili¬ 
ties  of  voltage  breakdown  be¬ 
tween  coils  and  cores  are  greatly 
reduced;  and,  in  applications 
using  cup  cores,  this  material 
avoids  the  necessity  for  heavily 
insulated  lead  wires. 

STACKPOLE  CARBON  CO. 

St.  Marys,  Pennsylvania  . 


STACKPOLE  MAKES 


Bnnh«s  for  oM  rotating 
equipment 
Corbon,  Graphite,  Molded 
Metal  and  Composition 
Contacts 

Powder  Metallurgy  Components 
Bearings  e  Anodes 
Electrodes 

Power  Tube  Anodes 
Brazing  Blocks 
Welding  R^s,  Electrodes 
and  Pl&tes 

Rheostat  Plates  and  Discs 
and  various  other  molded  items. 


permit  point-to-point 
wiring.  Available  in  a  complete 
line  for  present  day  requirements. 


OTHER  STACKPOLE  IRON  CORES 

include  a  complete  line  for  modern 
high  frequency  equipment  from  40 
meg.  to  175  meg.  and  higher;  in¬ 
sulated  cores,  high'-resistivity  cores; 
molded  iron  transformer  cores,  and 
various  others.  Samples  to  your  spe¬ 
cifications  gladly  submitted 
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SELENIUM 

Rectifiers 

Photo-cells 

to  meet  your  specifications 


DS  — Input  10  volts  oc.  Full  wove 
Sridgo.  Continuous  dc  10  mo. 
Unbrookoblo  plastic  cos*  with 
mounting  extensions.  Actual  sice. 


R-IOO-W  —  Sell  generating  photo 
cell  has  output  of  600  micro  omperes 
at  100  ft.  candles.  Characteristics 
permanent  and  unit  withstands  most 
severe  conditions  of  use.  1/3  size. 


DL— Input  10  volts  oc.  Full  wove 
bridge.  Continuous  dc  35  mo. 
Mounted  in  aluminum  cose  with 
mounting  extensions.  Actual  size. 


DS-10  — Input  110  volts  oc.  Full 
wove  bridge.  Continuous  dc  4  mo. 
Mounted  in  metal  cose  with  mount¬ 
ing  extensions.  Actual  size. 


N-2  — Input  5  volts  oc.  Half  wove. 
Continuous  dc  1  mo.  Used  with 
meters,  detector  circuits,  bios  volt¬ 
age.  Actual  size. 


£0-  - 

H'SM  — Input  5  volts  oc.  Half  wove. 
Continuous  dc  8  mo.  Numerous  field 
applications.  Actual  size. 


N-25  —  lnpul  110  volts  oc.  Half 
wove.  Continuous  dc  1  mo.  Suitable 
for  high  frequency  applications. 
Actual  size. 


t-SM  — Input  and  output  some  os 
H-SM,  but  has  two  rectifying  ele¬ 
ments  connected  in  series.  Actual  size. 


Availoble  through  your  Eloctronic  fortt 
Distributor  or  writo  diroct  to  Oopt.  E*S  for  lotost  catalog. 

;  E  L  E  N  I  U 

CORPORATION  OF  AMERICA 
1800-1804  West  Pico  •  Los  Angeles  6 

Eest0rn  Soles  Office 215-05  27th  Avenue,  Bayiidt,  L.  I. 
Canadian  Office;  J.  R.  LongsfofFe,  Ltd.,  349  Carlow,  Toronto 


William  H.  Knight  has  en  a 
pointed  director  of  sales  and  rna 
ket  research  for  the  Etastic  St< 
Nut  Corporation.  The  Elastic  Sti 
Nut  Corp.,  manufacturers  of  set 
locking  nuts,  has  plants  in  Uni( 
N.  J.,  and  Lincoln,  Neb. 

Henry  Dressel,  a  member  of  tt 
engineering  staff  of  Stackpi  le  Ca 
bon  Co.,  has  been  appointed  supt 
visor  of  Electronic  Componen 
Engineering.  He  was  previously  a 
sociated  with  Oak  Mfg.  Co.  < 
Chicago. 

Frank  D.  Tellwright  succeed- 
F.  R.  Lack  as  Director  of  ANEPi 
He  is  on  leave  of  absence  from  h 
position  as  first  vice-president  i 
Pacific  Telephone  and  Telegrap 
Co.,  and  has  been  with  ANEP 
since  Feb.  1  of -this  year. 

W.  A.  Mann  has  been  made  a 
sistant  manager.  Industrial  Div 
sion,  of  G-E’s  Central  District,  Ch 
cago. 

R.  M.  Cherry  is  now  asaistai 
manager  of  G-E's  Industrial  Hea 
ing  Division.  He  joined  Genen 
Electric  in  1919  after  graduatio 
from  the  University  of  Arkansas. 

Captain  Stanley  F.  Patten,  Assis 
ant  Director  of  the  Radio  Divisio 
of  the  Bureau  of  Ships,  has  been  a 
signed  to  command  duty  at  sea.  H 
entered  Naval  service  in  1917,  ha 
held  a  variety  of  radio  posts  at  >e 
as  well  as  on  shore,  and  was  in  ci  ir 
mand  of  the  destroyer  USS  AM*' 
from  1938  to  1940. 

Harrison  E.  Merkel  recen:; 
joined  the  Office  of  War  Informat: 
as  Officer  in  charge  of  its  Wire  ar 
Overseas  Communications  Fac' 
ties  Division.  He  was  formerl 
manager  of  the  Newspaper  Divisio 
of  Western  Union,  and  has  had  cor 
siderable  experience  with  ATil 
the  Navy  Bureau  of  Navigation  an 
as  director  of  wire  services  fo 
banking  firms  in  New  York  City. 

Dr.  Ralph  L.  Power  has  been  pro 
moted  to  the  grade  of  Senior  In 
.spector  in  the  Signal  Corps.  He  wa 
formerly  a  radio  advertising  coui 
seller,  and  has  been  in  radio  sine 
1922. 
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UNITED 

CHICAGO 


SCREW  AND  BOLT 

CLEVELAND 


CORPORATION 

NEW  YORK 


ECONOMY  is  an  impor¬ 
tant  feature  of  this  Center 
Pivot  Assembly  Bit.  No 
“back -to -the -factory”  ship¬ 
ment  is  necessary  for  recon¬ 
ditioning.  A  brief  application 
of  the  end  surface  to  a 
grinding  wheel  fully  restores 
original  maximum  efficiency. 


TC^e  realize  that  performance  in  the  field  must 

rank  in  equal  importance  with  quantity  and  quality  in  production 
schedules.  The  fact  that  CLUTCH  HEAD  SCREWS  may  be  re¬ 
moved  and  replaced  with  a  standard  type  screwdriver  is  accepted  by 
us  as  the  first  definite  answer  to  a  hitherto  serious  handicap  in  field 
work.  While  thus  simplifying  and  quickening  field  service,  CLUTCH 
^  HEiAD  SCREWS  have  everything  that  makes  for  safe,  speedy,  and 
economical  production.  The  deep  clutch  provides  an  easy-to-hit 
bull’s-eye  on  the  assembly  line . . .  into  which  the  Center  Pivot  bit 
self-centers  for  elimination  of  “slippage”. .  .conserving  operator  en¬ 
ergy  for  the  drive  home  with  less  effort. .  .all  for  a  smoother,  faster 
tempo  of  factory  production  that  is  vitally  important  to  both  effi¬ 
ciency  and  lowered  costs.  So,  we  Engineers  who  plan  and  produce 
can  join  issue  with  you  men  in  the  field  who  “keep  ’em  rolling.” 


CLUTCH  HEADS,  the  only 
modern  screws  that  may  be 
operated  with  a  standard 
type  screwdriver  or  an 
Assembly  Bit ,  are  performing 
today  an  important  wartime 
service.  They  are  available  in 
Standard  and  Thread -form¬ 
ing  types  for  every  purpose. 


■  y 


Mr.  Purcljasing  Agent! 
Mr.  Engineer! 

^  O  ARE  YOU 

ON  THE  SPOT? 

LIT  US  ASSIST  YOU 

vti 

\  \n  \  PROCUREMENT  OF 

Vl-Vjy  RADIO  PARTS 


W*  Con  Aid  Year  War  Effort • 


SEND  FOR  THIS 


FREE 

BOOK! 

List*  eountl«M 
tbousandM  of 
standard  and 
**hard>t04*t"  ni* 
dio  and  alaetronir 
Itama  — most  of 
which  wo  can7 
In  stock!  Writ# 
for  this  book  to- 
day,  on  company 
statlonory  If  you 
arc  actlTOly  on^ 
rayrd  In  porehas- 
Iny.  apMfytny 
or  exprdlUnfT  war 
materials.  Ad* 
drp**«  Flox  Kt^S.  , 


BOO  Pog* 

Rayiag  Galde 

WE  OFFER 

QUICK  DELIVERY 

FROM  STOCK! 

CONDENSERS  •  RESISTORS  •  TUiES 
METERS  •  TEST  E9UIPMENT 
PLUGS  •  JACKS  •  SWITCHES  •  RELAYS 
TRANSFORMERS  •  CAIINETS  •  WIRE,  vtc. 


Centralize  Your  Purchases 

WITH  A  SINGLE 

Source  of  Supply 

★ 

SUPPLIERS  TO 

INDUSTRIAL  MANUFACTURERS  ' 

SCHOOLS  •  COLLEGES 
RESEARCH  LABORATORIES 
OIL  REFINERIES 
RAILROADS  i 

TELEPHONE— TELEGRAPH  I 

COMPANIES  i 

BROADCAST  STATIONS 
SHIPYARDS 
AIRCRAFT  FIRMS 
PUBLIC  UTILITIES 
CHEMICAL  PLANTS 
STEEL— IRON  FOUNDRIES 

HOSPITALS  , 

!  CIVILIAN  DEFENSE  LEAGUES 
U.  S.  ARMY  SIGNAL  CORPS 
j  NAVY  and  many  other 

'  GOVERNMENT  AGENCIES 


FOR  PROMPT  SERVICE 

if  Telephone  BArclay — 7*1840  if 

New  York's  Oldest  Radio  Supply  House 
—  ESTABLISHED  1922  — 


RADIO  CO. 

212  FULTON  ST. 
NEW  YORK.  N.  Y 


Austin  Ellmore  is  now  vice-presi¬ 
dent  in  charge  of  Engineering  at 
Utah  Radio  Products  Co.  He  has 
been  with  Utah  for  14  years,  and 
has  been  chief  engineer  since  1938. 

William  J.  Knochel  is  responsible 
for  coordinating  the  manufacture 
of  electronic  tubes  in  his  new  posi¬ 
tion  as  assistant  superintendent  of 
Electronic  Manufacturing  at  West- 
inghouse. 

Carlton  Mellick  has  been  ap¬ 
pointed  sales  manager  of  Goat 
Metal  Stampings,  Inc.  He  recently 
served  in  Washington  as  special 
WPB  representative  for  the  Tin 
Conservation  Division. 

Lionel  B.  Cornwell  has  joined 
United  Cinephone  Corp.  as  general 
manager.  He  was  formerly  chief 
engineer  for  Bendix-Westinghouse 
Automotive  Air  Brake  Co. 


FLEXIBLE  SHAFTS 

that  carry  power  aiound 
any  comer  ia  our  sp*. 
dalty.  Faithful,  depend- 
able  power  drives  oi 
remote  control  in  aii. 
planes,  tanks,  gignoi 
corps  radio,  and  memy 
other  war  and  cofumei- 
cial  products.  Shafts 
made  to  your  specifico- 
tions.  Our  engineering 
department  will  work 
out  your  particular 
power  problem  without 
obligation. 

Write  today  lor 
Manual  D. 


F.  W.  STEWART  MFC.  COl 

4311  13  RAVENSWOOO  AVE  CHICAGO  lU 


Y/W 


"RADAR  WAS  RIGHT-HERE  THEY  COME!” 


This  American  fighter  pilot,  with  his 
squadron,  is  "parked"  in  the  clouds 
waiting  to  knock  down  a  flight  of  Axis 
bombers.  What  warned  him  that  they 
were  approaching?  How  did  he  know 
their  exact  location,  speed  and  direc¬ 
tion?  The  answer — Radar — the  "elec¬ 
tronic  eye".  We  are  proud,  indeed,  to 
have  a  part  in  its  efficient  performance. 

Our  business,  in  war  and  peace,  is 
designing  and  building  better  perma¬ 
nent  magnets,  and  applying  them  in¬ 
telligently  so  that  the  functions  of  count¬ 
less  types  of  products  are  improved  and 
their  uses  multiplied.  Concentrating  on 
this  one  job  for  33  years  has  resulted  in 
our  becoming  an  outstanding  organiza¬ 


tion  in  this  field — with  an  efficient  and 
completely  equipped  plant  devoted  ex¬ 
clusively  to  this  work — and  with  engi¬ 
neering  and  production  {personnel  of 
specific  ability.  j 

■k  it  it 

Though  our  capacity  is  now  devoted 
to  the  winning  of  the  war,  we  are  ex¬ 
tremely  interested  in  the  development 
and  improvement  of  products  for  war 
and  post-war  use.  We  suggest  that  you 
consult  with  our  engineers.  They  may 
show  you  how  the  performance  of  your 
product  can  be  improved  with  perma¬ 
nent  magnets.  Write  for  the  address  of 
our  office  nearest  you  and  a  copy  of  our 
30-page  "Permanent  Magnet  Manual." 


‘  r 


lltf  DUIVA  STEEL  PRODUCTS 

^SPECIALISTS  IN  PERMANENT  MAGNETS  SINCE  1910  ^ 

6  NORTH  MICHIGAN  AVENUE  •  CHICAGO,  ILLINOIS 


IEC'RONICS  — .4ug«sl  1943 


227 


approved 


Training  Girls 

(Continued  from  page  107) 


FORGET  AROIIT 
POSTWAR  TROURLES 


Our  immediate  concern  is  winning  the  war 
quickly— that's  all  that  need  concern  any  ol  us  now. 

When  the  echoing  shouts  of  victory  die  away, 
you  will  find  the  experienced  ERWOOD  stoii  of 
engineers  ready  to  help  you  with  difficult  postwar 
readjustment  problems  .  .  .  ready  to  do  their  shore 
in  the  brilliant  electronics  era  of  the  future. 


Masuol  lastrseties 

The  manufacture  of  tubes  coveni 
variety  of  different  types  of  work 
The  requirements  of  an  operaU 
needed  to  perform  different  oper.. 
tions  satisfactorily  vary  consider 
ably.  Some  assembly  work  is  verj 
delicate  and  requires  an  opera™ 
possessing  good  eyesight  and  a  higi 
degree  of  natural  skill  and  dexteriP 
Ordinary  assembly  and  machine  wor! 
can  be  performed  by  operators  po? 
sessing  average  dexterity  and  skill 
The  same  holds  true  for  glass  wurk 
ers,  and  these  can  be  roughly  divide? 
into  the  same  two  types. 

Some  trainees  may  have  mine; 
deformities  or  may  not  possess  aver 
age  skill  and  dexterity,  but  they  ms; 
be  good  workers  if  placed  on  rou^ 
work  where  they  are  not  greau; 
handicapped  by  their  deformities  a 
lack  of  natural  skill.  Naturally,  ti 
place  this  type  of  operator  in  an  i' 
sembly  line  or  other  position  requir 
ing  a  fast  accurate  worker  would  bf 
a  mistake. 

All  the  girls  are  given  manual  wor; 
practice  under  the  guidance  of  if 
structors  to  teach  the  elements  of  in 
tion  economy  and  to  impress  th® 
with  the  importance  of  doing  a  jobii 


*  Much  th«  success 
this  Hudson  Wire  product  is  due 
to  a  new  coating  method  that  gives  a 
smooth,  permanently-adherent  enameling.  Mercury-process  tests 
guarantee  perfect  uniformity;  great  tensile  strength  assures  per¬ 
fect  laying  even  at  high  winding  speeds.  Especially  adaptable  for 
reduction  in  coil  dimensions  without  sacrificing  electrical  values. 

Our  engineering  and  design  facilities  are  at  your 
disposal — details  and  quotations  on  request. 
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ir  in  an  a- 


lanual  wci 


BETTER-SAFEI 

Than  Hydrofluoric  Atid 


sembly,  inspection,  test  and  glass  { 
work.  There  are  three  work  stations 
for  each  of  these  operations,  making 
it  possible  to  accommodate  twelve  op¬ 
erators  at  a  time. 

The  assembly  work  performed  is 
that  of  partly  assembling  one  of  the 
many  tube  types  manufactured.  It 
is  a  combination  of  rough  and  hne 
work.  Here  the  operator  is  taught 
the  importance  of  doing  the  job  right 
and  of  having  an  orderly  and  care¬ 
fully  arranged  work  place  so  as  to 
avoid  wasteful  motion.  She  is  taught 
how  to  properly  use  small  tools  such 
as  cutters,  pliers,  and  tweezers.  She 
also  learns  how  to  make  welds  with 
small  bench  spot  welders  which  are 
used  in  nearly  all  tube  assembly  op¬ 
erations. 

The  inspection  work  is  very  simple, 
and  the  trainee  as  well  as  the  instruc¬ 
tors  inspects  parts  for  defects.  The 
work  place  is  laid  out  in  such  a  man¬ 
ner  that  the  work  may  be  inspected 
by  using  symmetrical  motions. 

The  test  work  is  that  of  operating 
a  simple  test  set.  Here  the  operator, 
learns  to  read  meters  and  to  set  vol¬ 
tages,  using  controls  such  as  rheo¬ 
stats.  The  test  set  is  so  constructed 
that  switches  must  be  closed  and 
opened  in  a  given  sequence  or  it  be¬ 
comes  inoperative.  The  girl  is  told 
of  safety  features  such  as  safety 
switches,  guards,  and  lights. 

The  glass  work  is  that  of  making 
a  simple  splice  in  hard  glass  tubing, 
and  it  requires  a  knack  to  do  the  job. 
Some  trainees  may  learn  in.  a  short 
time  while  others  may  spend  a  whole 
day  trying  and  not  succeed. 

A  record  is  kept  of  each  trainee’s 
performance  at  each  work  station. 
Grading  on  all  work  is  done  on  the 
basis  of  accuracy  and  number  of. 
pieces  done  in  a  given  time  after  the 
girl  has  had  sufficient  practice. 

The  training  room  supervisor  and 
one  instructor  closely  observe  and 
check  trainees.  Lack  of  natural  abil¬ 
ity  quickly  becomes  evident.  If  a  girl 
shows  unusual  aptitude  for  one  type 
of  work  she  is  placed  on  that  type  of 
work  in  the  factory.  If  she  is  handi¬ 
capped  in  any  way  she  is  placed  on 
some  job  within  the  range  of  her 
capability. 


Quart!  Etch  combines  every  desirable  pfsj 
arty  of  an  etching  fluid.  While  eHrc-.  i 
active  against  Piezo  quartz  crystals,  glass  aj 
other  silica  compounds,  it  is  relatively 
active  against  human  flesh,  textiles  and  m««| 
als.  Its  safety  and  freedom  from  obnciieJ 
or  toxic  odors  and  fumes  permits  worb  j 
to  handle  it  more  rapidly,  while,  at  the 
time,  making  possible  reductions  in  insuranct 
rates.  Action  is  vigorous.  The  pattern  pfa. 
duced  is  exceptionally  uniform  and  free  fro- 
pit  marks. 


'  The  Most  ^ 
Predse”  Article 
Mannfactnred 
In  QnantitY 
AnYwhere 


No  longer  is  hydrofluorie  add  a  necessity  i; 
fhe  crystal  industry. 


Send  for  trial — generous  quantity —  UOO 


HEMf>STEAD  TURNPIKE  &  lUCIUE  AVE 
FRANKLIN  SQUARE,  LONG  ISLAND,  N.  Y. 


Illnstrated  above  is  a 
roof  prism,  the  most 
accurate  of  all  optical 
parts,  used  in  military 
instruments  for  our 
armed  forces  .  .  .  Roof 
prisms  are  being  made 
by  a  number  of  manu¬ 
facturers  by  methods 
first  developed  at  The 
Perkin-Elmer  Corpora¬ 
tion  .  .  .  and  gladly 
shared  in  the  interest 
of  winning. the  war. 


NUMBERING  and 
LETTERING  PRESS 


QnieUy  stamps  serial  numbsn 
and  other  details  on  name 
plates,  names  and  numbers  on 
tags,  etc.  Can  also  be  fur¬ 
nished  for  HOT  stamping. 
Write  for  catalog. 


The  Perkin-llmer 
Corpoiiatibn 

Q  L  E  N  ■  R  ob  K.  CONN. 


NUMBERALL 
STAMP  &  TOOL  CO 
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They  wanted  WIRE 

the  thickness  of 

HUMAN  HAIR 


and  here  you  see  a  magnified 
photograph  of  this  0.0009’inck 
Nickel  AlloyVC^ire  knotted  around 
two  thick-looking  bars  which  are 
really  two  strands  of  human  hair 


W 


INCO 

NICKEL 

ALLOYS 


liONFl  •  "K"  MONa  •  “S”  MOMCL 
“R”  MONEL  •  “KR"  MONEL 
INCONEL  •  “Z”  NICKEL  •  NICKEL 


The  Strength,  toughness  and  corrosion 
resistance  of  Inco  Nickel  Alloys  are  avail¬ 
able  in  almost  any  size  product  you  could 
name  . . .  from  giant  forgings  as  big  as  the 
gate  stems  in  Boulder  I>am  to  wire  of 
split-hair  fineness. 

The  use  of  the  wire  illustrated  here 
must  be  kept  secret,  but  this  information 
can  be  given.  The  wire  is  so  fine  that  a 
pound  of  it  would  stretch  more  than  80 
miles.  It  is  so  nearly  invisible  that  the 
workmen  at  Driver-Harris  Co.,  who  pro¬ 
duce  it.  work  by  feel  more  than  by  sight  as 
they  draw  it  through  the  diamond  dies. 


Nickel,  Monel,  "K”  Monel.  Inconel . . . 
all  can  be  drawn  into  wire  as  fine,  or 
heavy,  as  you  require  .  .  .  and,  of  course, 
are  available  in  many  other  forms.  All 
have  high  strength,  toughness  and  resist¬ 
ance  to  corrosion.  In  addition,  each  alloy 
has  individual  properties  that  make  it  su¬ 
perior  for  special  uses. 

If  you  are  interested  in  detailed  infor¬ 
mation  about  the  great  range  of  sizes  and 
forms  produced  in  Inco  Nickel  Alloys, 
write  for  the  booklet  "Tremendous  Tri¬ 
fles."  A  copy  is  yours  for  the  asking. 


Shact ...  Strfp  ...  Natf 
Tubtng  .  .  .  Wtf  .  .  .  CmmUrntt 


THE  INTERNATIONAL  NICKEL  COMPANY,  INC.,  67  WALL  STREET,  NEW  YORK  5.  N.  Y. 
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Positive  Grid 
Oscillators 

(Continued  from  page  111) 


Talk  to  any  Point  in  your  Plant 

...IN  A  SPLIT-SECOND! 


power  is  delivered  to,  rather  th; 
drawn  from  this  generator  so  th; 
it  may  be  replaced  by  a  suitable  1 ; 
circuit. 

Let  the  frequency  be  such  tb.; 
one  cycle  corresponds  to  a  rour 
trip  of  the  electron,  half  as  highi 
the  frequency  previously  assuiiK 
Consider  an  electron  which  leavi 
the  cathode  at  an  instant  when  ti 
applied  alternating  voltage  is  zei 
and  when  the  cathode  potential 
changing  in  a  positive  directi 
This  electron  will  reach  the  grid  9 
deg  later  when  the  cathode  potent; 
is  a  maximum  (grid  to  cathode  p( 
tential  a  minimum),  and  its  velocii 
will  be  correspondingly  reduce) 
During  the  following  quarter  cyj 
the  electron  will  be  decelerated  k 
the  retarding  field  of  the  plat 
which  by  our  assumption  is  at 
maximum  because  the  plate  potentii 
is  now  a  minimum.  The  third  qua 
ter  cycle  finds  the  electron  returnin 
toward  the  grid,  with  the  plate  a 
its  positive  maximum  so  that  th 
electron  is  again  slowed  down.  Du 
ing  the  last  quarter  cycle  the  elct 
tron  approaches  the  cathode  again 
a  retarding  field  that  once  more  d 
ceeds  its  normal  value.  This  elects 
does  work  upon  the  external  sy^ic: 
and  vdll  continue  to  do  so  thn;:gl 
several  oscillations. 

Now  consider  an  electron  wr'ci 
leaves  the  cathode  one  half  eye, 
later.  This  electron  arrives  at  :r 
grid  with  greater  than  normal  ? 
locity.  Since  the  plate  is  now  swi:  e 
ing  in  a  positive  direction  the  ad: 
tional  velocity  will  help  the  electr 
to  strike  the  plate  and  remove  it  ^ 
from  the  system. 

Again  we  generalize  to  say  that 
electrons  emitted  over  one  half  } 
are  able  to  do  work  upon  the  oxter: 
circuit  until  they  are  captured 
the  grid.  The  electrons  emitted  d 
ing  the  other  half  cycle  are  quick 
removed  from  the  system  at  the  i; 
or  plate. 

It  is  important  to  note  that  ' 
frequency  generated  in  this  case 
only  half  as  great  as  that  develop 
when  the  grid  voltage  is  allowed 
oscillate.  This  disadvantage  is  cor 
pensated  by  the  fact  that  oscillati  r 
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INTBRCOMMUNICATION  SYSTCMS 

Speed  communication  between  departments  .  .  . 
remove  traffic  from  your  switchboard!  The  new  10- 
Station  "SUPER-CHIEF”  illustrated  handles  up  to 
5  separate  2-way  conversations.  New  features  in¬ 
clude:  Private  Multi-Station  Conference — Call  Wait¬ 
ing  and  Busy  Signal  Lights — No  Eavesdropping— 
Privacy  Earphone— High  Power.  Available  with  any 
number  of  stations. 

★  Other  versatile  low-cost  Allied  Intercom 
^  Systems  for  War  and  Industry.  Easily  installed 
B  and  operated.  Our  veteran  staff  can  help  you. 
w  I  Send  for  literature  and  full  details, 
p  Write,  wire  or  phone  Hay  market  6800. 

ALLIED  RADIO  CORP. 

833  W.  Jackson  Uvd.,  Dspt.  24-fl-3,  Chicago 


COMPLETE  CENTRALIZED  SERVICE 
On  Electronic  and  Rodio  Needs 


Simplify  your  procurement  .  .  . 
speed  delivery  . . .  *et  everythint 
in  Electronics  and  Radio  from 
this  eite  dependable,  central 
source.  Over  1 0.000  ^ 

electronic  parts... 

famous  brands 
...  Armed 

Forces  and  for 
Industry. 


^FREEfN 

NEW 

Most  Compfeta 
qp-to-Oata  1943 
BUYING  ^ 
^  GUKX  A 


PERMOPIVOTS  are  tipped  with  a 
following  axceptional  qualities: 

[73^  WEAR  RESISTANT 


The  Parmomatal  tip 
gives  precision  instruments  longer  life  and  greater 
accuracy  under  actual  operating  conditions. 

NON-CORROSIVE  .  .  .  Permopivots  cannot  rust 

or  corrode. 

NON-ABRASIVE  .  .  .  Jhe  satin-smooth  tip  elim¬ 
inates  abrading  particles  of  wear. 

ELIMINATES  OIL 


It  is  often  possible  to 
eliminate  oil  because  of  the  extremely  low  coefficient 
of  friction  with  Permopivots. 

:  u  a  PAT.  OFF. 

permo  products  corporation 

I  6427  Ravenswood  Ave.,  Chicago,  Illinois 
MANUFACTURING  METALLURGISTS 
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PnecUc  ^€itc*u}  OF  mountings 

RESULTS  IN  HIGH  EFFICIENCY 

OF  VIBRATION  ISOLATION 


vAAAAAA/VW 


IMPOSED  LOAD 


no.  1 


no.  1 


'  ■  •  ..V 

invest  today  IN 


'NDS  for  victory 


Operation  of  Mate  Form  Mountings 


All  Lord  Mountings  are  designed  to  operate  on  the  principle  of  having 
^  the  rubber  "stressed  in  shear”  when  load  is  applied  in  the  direction  of 


the  rubber  "stressed  in  shear”  when  load  is  applied  in  the  direction  of 
the  main  axis  of  the  mounting.  This  mounting  design  provides  the  required 
softness  and  deflection  in  the  direction  of  the  disturbing  forces,  and  stability 
or  resistance  to  movement  in  directions  normal  to  the  major  thrusts,  thereby 
obtaining  the  highest  degree  of  vibration  isolation  efficiency. 

The  proper  deflection  of  a  mounting  under  a  given  static  load  is  of 
paramount  importance  in  selecting  a  suitable  means  of  flexible  suspension,  and 
every  Lord  Mounting  is  designed  to  have  a  definite  static  deflection  under  its 
rated  load.  Lord  Plate  Form  Mountings  (non-snubbing  type)  are  designed  to 
deflect  l/l6  inch  when  rated  load  is  applied. 

Illustrations  above  show  a  Lord  Plate  Form  Mounting  in  the  various 
positions  it  assumes  while  static  or  in  action: 

Fig.  1 — Under  no  load  (as  shipped  from  factory).  Note  extension  of 
center  sleeve.  Fig.  2 — Under  rated  load;  note  that  center  sleeve  has 
deflected  1/16  inch.  Fig.  3 — Operating  in  zone  of  free  shear  action 
under  normal  vibration.  Fig.  4-^perating  momentarily  under  sudden 
shock  or  in  zone  of  resonance.  *(see  footnote) 

Lord  Plate  Form  Mountings  are  designed  to  cover  a  wide  range  of  appli¬ 
cations  in  every  field  of  industry.  They  are  made  in  four  shapes  (round,  square, 
diamond,  and  holder  types)  and  four  sizes,  with  load  ratings  ranging  from  a 
few  ounces  to  300  pounds.  Load  ratings  of  each  size  can  be  varied  by: 

1 —  Utilizing  different  rubber  compounds  of  varying  degrees  of  stiffness 
to  meet  specific  spring-rate  requirements. 

2 —  Changing  dimensions  of  rubber  element  at  flexing  point.  (See 
Illustration  No.  3) 

The  remarkable  efficiency  of  Lord  Plate  Form  Mountings  is  due  to  the 
accuracy,  precision,  and  uniform  quality  of  manufacture. 

Various  factors  must  be  considered  when  choosing  mountings  for  indi¬ 
vidual  installations.  Through  proper  mounting  selection,  isolation  efficiencies 
ranging  from  75%  to  85%  reduction  of  disturbing  forces  may  be  expected, 
although  reductions  up  to  97%  are  not  unusual  on  equipment  operating  at 
very  high  frequency. 

Write  for  bulletins  103  and  104.  They  give  complete  information  on  all 
Lord  Mountings  as  well  as  an  engineering  discussion  on  vibration  control. 
Better  still,  call  in  a  Lord  vibration  engineer  for  consultation  on  your  design 
problems.  There  is  no  obligation. 

•  frequent  shock  loads  or  operation  in  resonance  zone 

are  encountered,  the  use  of  Lord  Vertical  Snubbing  Type 
Mountings  is  recommended.  See  Bulletin  lo). 


FIG.  4 


FIG.  i 


J.  W.  MILLER  COMPANf 

5917  S.  Main  St.,  Los  Angeles, Calif 


are  trenerated  even  though  the  grid- 
plate  and  grid-cathode  transit  times 
are  not  equal. 

The  mechanical  model  pi'eviously 
described  is  easily  modified  to  suit 
these  conditions.  The  two  inclined 
sides  now  bear  a  fixed  angle  to  each 
other,  and  the  trough  so  formed  is 
merely  tipped  from  side  to  side  at 
half  the  frequency  previously  used. 

^larbles  which  emerge  from  the 
hopper  when  the  trough  is  level  and 
the  hopper  is  moving  upward  are  in 
unfavorable  phase  and  arrive  at  the 
bottom  of  the  trough  with  relatively 
large  speeds  by  means  of  which  they 
overrun  the  far  edge  and  escape  to 
the  plate  catcher.  Marbles  which 
emerge  from  the  hopper  a  half  cycle 
later  give  up  work  to  the  system  and 
remain  for  several  cycles. 


RADIO 

INTERFERENCE 

^  FILTEPg 


Whol«v«r  th«  nMck— heavy  Indus* 
trial  work  or  axtremely  light,  deli¬ 
cate  work— there’s  a  HEXAGON  electric 
soldering  iron  to  meet  the  particular  re¬ 
quirements.  Included  are  units  for  fast 
production  or  for  service  or  maintenance 
use.  Screw  tip  irons,  plug  tip  irons  and 
irons  with  replaceable  and  hermetically- 
sealed  elements  are  available  in  this 
complete  and  diversified  line.  The  per¬ 
formance  of  HEXAGON  irons  is  attested 
to,  by  their  wide  adaptation  in  Army, 
Navy  and  Air  Gorps  applications.  Each 
HEXAGON  unit  is  subjected  to  on  insula¬ 
tion  breakdown  test  of  twice  the  in¬ 
tensity  required  by  the  Underwriters’ 
laboratories. 

WRITE. FOR  LITERATURE 

Detcnprlv*  bwllelins,  dmcribing 
the  complete-  line  of  HEXACON  /yvjp  ^  > 
electric  teldering  iront,  will  be 
tent  on  requett. 


INDUSTRIAL  FILTERS 


Miller  industrial  filters  ore  designed  lor 
all  types  of  radio  interference  producinj 
devices  and  ore  highly  effective  at  broad¬ 
cast  and  short  wove  frequencies.  They 
hove  highest  attenuation  chorocteristics  ol 
all  frequencies  used  in  radio  communico- 
tion.  Each  filler  it  completely  seoled  for 
complete  protection  under  alt  climatic 
conditions. 


Oscillations  in  Flat*  Circuit  or  Cathode 
Circuit 


Oscillations  may  also  be  produced 
if  the  grid  and  cathode  have  no 
alternating  voltage  and  the  anode 
voltage  is  allowed  to  vary.  The  dem¬ 
onstration  that  such  oscillations  are 
self-sustaining  is  similar  to  the 
previous  ones.  All  electrons  which 
leave  the  cathode  and  pass  through 
the  grid  have  the  same  velocity  at 
the  grid  plane  because  no  alternating 
field  exists  in  the  grid-cathode  space. 
Let  us  assume  that  the  plate  voltage 
oscillates  at  a  frequency  such  that 
one  full  cycle  is  executed  in  the  time 
required  for  the  electron  to  travel 
from  grid  to  plate  and  return. 

An  electron  which  leaves  the  grid 
mesh  at  a  time  when  the  alternating 
plate  voltage  is  zero  and  is  changing 
in  a  positive  direction  is  retarded  by 
a  less  than  normal  field  during  its 
transit  to  the  plate,  and  therefore 
strikes  the  plate  and  is  lost.  An  elec¬ 
tron  which  leaves  the  grid  mesh  half 
a  cycle  later  is  retarded  by  a  more 
than  normal  force  and  therefore  is 
unable  to  reach  the  plate  and  comes 
to  rest  somewhere  near  the  plate. 
The  alternating  component  of  the 
plate  voltage  now  reverses  so  that 
the  electron  is  less  than  normally 
accelerated  in  the  return  to  the  grid. 
Evidently  the  operation  outlined 
above  is  adequate  to  support  oscilla¬ 
tion,  provided  that  virtually  all  the 
electrons  returned  to  the  grid  are 
lost,  for  the  electrons  of  favorable 
pha.se  react  upon  the  plate  twice  as 
long  as  those  of  unfavorable  phase. 

Actually,  however,  a  considerable 
number  of  the  electrons  returned 


HEXACON  ELEGRIC  COMPANY 

130  W.  CLAY  AVE.,  ROSELLE  PARK,  N.  J. 


AIRCRAFT 
INTERFERENCE  FILTER 


The  No.  7884  Radio  Interference  Filler, 
developed  expressly  for  aircraft  use,  wiH 
effectively  suppress  noise  present  in  the 
ship's  electricol  system.  Insure  noise-free 
rodio  reception  by  installing  o  Miller  Duo- 
Lateral  Wound  Radio  Interference  Filler. 
Dimension  diameter  by  3  Ien9 

Weight  1.25  lbs.  Write  for  specificatior 


with  larger  householo 


Designed  for  use 
appliances  and  commutator  type  moton 
as  well  as  communication  type  receiver) 
and  recording  equipment,  this  Miller  Filter 
copocilors  OltO 


No.  7515,  uses  larger 
heavier  capacitor  inductors  to  hondle  looO 
requirements  up  to  550  wotts.  Size  2'h 
square  x  4"  long.  i15  volts,  550  'vetii 


See  your  Who/tsofer 
write  us  for  lit*rat»i* 
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ommand  performance 


MPAN'l 

>les,  Calif 


The  luininiited  hakelite  Hssemt>lies  tluit  we  are  tiirninjj  out  in  sueli  lar^e  (piantities 
at  Ueinite  are  on  a  inade-to-order  basis.  We  make  tlieiii  all  ty|)es,  kinds  and  sizes. 
And  every  order  i^ets  the  same  eare  in  desijrnin^,  the  same  preeision  in  fabrieating 
and  assembling,  the  same  thoroughness  of  ins|)eetion. 

As  a  self-eontained  desijrninj'  and  mamifaeturinjx  unit  IVinite  has  much  to  offer. 
All  our  skill  and  ex|)erienee  in  making  intrieate  assemblies  of  this  kind  are  available 
“on  eommand.”  Why  iu)t  put  your  problems  up  to  us? 


The  1  riMTIi:  <  O 

Newtonville,  Mass. 

Division  of  I  ’nited-Carr  Fastener  Corp. 
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INSURES 


LOW  FREQUENCY 


DRIFT 


from  plate  to  grid  pass  into  the  riul 
cathode  region  and  again  re  urj 
through  the  grid  mesh  toward  thi 
plate.  These  will  be  in  a  pha  e  t( 
aid  the  oscillation  if  the  gr id-cat hod| 
transit  time  is  equal  to  or  is  an  in 
tegral  multiple  of  the  grid-ano<]( 
transit  time.  If  this  relation  is  n  ! 
approximately  correct  the  numbti 
of  electrons  in  unfavorable  phase  k 
the  plate  is  increased  and  the  cl  ar.j 
of  oscillation  is  greatly  diminishpd 
Here,  as  before,  it  is  desirab’i 
but  not  absolutely  necessary  that  n| 
direct  voltage  difference  shall  exi-i 
from  cathode  to  anode.  The  selection 
of  favorable  vs.  unfavorable  phase  i! 
much  better  effected  at  the  plat- 
than  at  the  cathode.  In  this  case  thf 
generated  wavelength  is  given  by  tb 
equation  of  thq  Table 

X.  =  2000  d.vr«  . 
with  provision  that 

X»  =  2000  d*rr«  =  nx.  (3 

where  n  is  some  small  integer.  ‘ 

An  oscillation  extremely  similar  t 
the  one  just  described  may  be  pr: 
duced  by  allowing  only  the  cathou 
voltage  to  oscillate.  Again  elei  ti\ 
of  unfavorable  phase  are  best  elind 
nated  at  the  plate.  If  V’»=V,  th 
•wavelength  is  given  by  the  relati 

X*  =  2000d*Vr«  (1 

with  the  provision  that 

X.  =  2000d.FrH  -  nX, 
where  n  is  again  a  small  integer 
The  s5Tnbols  used  are  those  of  t! 
Table. 

It  can  be  shown  that  all  these  dn 
ferent  modes  of  oscillation  may  exi- 
in  tubes  with  either  cylindrical  c 
plane  electrodes.  The  processes  ' 
amplitude  selection  and  phase  sel- 
tion  are  not  essentially  affected,  a' 

1  the  wavelengths  are  not  greatly  d-f 
'  ferent.  In  general  the  cylindrical  a: 
rangement  is  more  convenient  i 
manufacture,  and  the  fact  that  ' 
yields  somewhat  higher  frequenc 
than  the  plane  structure  for 
spacings  is  in  its  favor. 

For  cylindrical  structures  t: 
mode  of  oscillation  in  which  "f 


PERMANENT 
.  MAGNETS 


Ihe  Arnold  Engineering  Company  produces 
all  ALNICO  types  including  ALMCU  V.  All 
magnets  are  completely  manufactured  in 
our  own  plant  under  close  metallurgical,  mechanical 
and  magnetic  control. 

Engineering  assistance  by  consultation  or 
corres|X)ndence  is  freely  offered  in  solution  of  your 
magnetic  design  problems.  All  inquiries  will  receive 
prompt  attention. 
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insulator 


HEAVY-DUTY 

^Uca  Gincicitan/i 


AEROYOX  1940  SERIES 


TrP*  1940:  8"  dia.  x  10"  tall.  .00001  mfd.  35000 
T..  to  .01  mid.  15000  ▼. 


Typo  1980:  5^"  dia.  x  iVt"  tall. 
35000  T..  to  .05  mid.  5000  t. 


O  Climaxing  an  outstanding  selection  of  mica  receiv¬ 
ing  and  transmitting  capacitors — from  tiny  "postage 
stomp"  molded-in-bakelite  types  to  the  extra-heavy- 
duty  micas — Aerovox  oilers  its  stack-moimting  or  1940 

series  as  standard  items  (subject  to  priorities,  oi 

course).  Heretofore  made  in  limited  quantities,  these 
capacitors  are  now  in  regular  and  large  production. 
Note  these  quality  feotures: 

Spocial  cylindrical  low-loM  qloxod  Unlit  eontoryotiToly  ratod  to  with- 

ceramic  cat*.  Long  creopago  path  stand  surge  ▼oltages  above  rated 

between  terminals.  Design  elimi-  values.  Extremely  low  power 

nates  corona  losses  inside  and  out,  factor  to  handle  heavy  kva.  loads 

and  provides  uniform  voltage  without  overheating.  Vacuum-im- 

gradient.  Cast-aluminum  terminals  pregnated  sections  imbedded  in 

insure  low  contact  resistance  be-  low-loss  filler,  reducing  stray-field 

tween  units.  losses  and  safeguarding  against 

moisture  entrance.  M'ca  stacks 
Sections  of  finest  grode  India  ruby  rigidly  clamped  in  low-loss  non¬ 
mica  dielectric,  made  to  very  close  magnetic  clamps,  and  heat-treated 

tolerance  to  equalise  loading  of  for  maximum  capacity-temperature 

series-connected  sections.  stability. 


insulator' 

TYPES  1950*1980 


type  1940 


Engineering  data  on  these  stack-mounting  and  other  extra-heavy- 
duty  transmitting  capacitors,  available  on  request. 


*tH0V0X  CORPORATION.  NEW  BEDFORD.  MASS.,  U.  S. 
El  port;  IOOVarickSt,  N  Y.  C.  •  Cable-  ‘ARLAB’  •  In 


A.  •  Sales  Offices  In  all  Principal  C 
Canada-  AEROVOX  CANADA  LTD.,  Hamilton. 
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lation  has  one  side  permanent! 
fixed.  The  swinging  side  oscillate 
at  the  frequency  given  in  the  initU 
description  of  the  model.  The  pri>ces 
of  eliminating  the  marbles  which  ar 
introduced  in  unfavorable  phase  i 
accomplished  as  before,  and  the  en 
tire  operation  is  very  similar  t 
that  previously  described. 

Frcqvcncy  and  Wavelength  of  Oteillotit 

The  frequency  of  an  alternatim 
current  is  the  number  of  compiet 
cycles  described  per  second  and  i 
therefore  equal  to  the  reciprocal  o 
the  time  required  for  one  cycl« 
This  time,  called  the  period,  is  usual! 
designated  T.  Thus 

/-1/r  (( 

The  length  of  the  wave  produce 
in  free  space  by  a  given  frequenc; 
is  often  useful.  It  is  understood  tha 
the  wavelength  in  free  space  is  mean 
whenever  the  term  wavelength  i 
used.  The  wavelength  is  defined  b; 
the  identity 


deobUoUsf  ^04 


ONAN  GASOLINE  DRIVEN  ELECTRIC  PLANTS  provide 
electricity  in  locations  where  it  is  not  otherwise  available, 
and  for  emergency  and  standby  service. 

Thousands  of  these  reliable,  sturdy  Plants  ore  doing  a 
winning  fob  on  all  the  fighting  fronts  by  providing  elec¬ 
tricity  for  many  vital  war 
tasks.  Ratings  from  350  to 
35,000  watts.  A.C.  50  to 
m  800  cycles,  110  to  660  volts. 

D.C.  6  to  Also 

dual  A.C.  and  D.C.  output 
models.  Air  water 

Details  gladly  furnished  on 
your  or  post-war 

for  Electric  Plants. 


where  r  is  the  velocity  of  light 
meters  per  second  and  X  is  the  fr 
space  wavelength  in  meter.s.  Cc 
bining  the  two  we  have 


U.  W.  AIV  A  SOMS 

.>fiiinea|M»liN.  Minn. 


It  has  been  showm  that  o.scillatior 
at  any  of  several  fn 


may  occur 
quencies  corresponding  to  the  difft: 
ent  transit  time  involved.  These  fre 
quencies,  together  with  the  hnm- 
ated  wavelengths,  are  presented  . 
the  Table.  The  subscript  a  refers  t 
the  grid-anode  transit  time,  the  sul 
script  k  refers  to  the  grid-cathw 
transit  time,  and  the  subscript  t  r; 
fers  to  the  sum  of  the  two.  Sin! 
G{y)  and  F(x)  are  less  than  1  fffi 
typical  cases  it  is  seen  that  the  wavt 
lengths  for  cylindrical  electrodes  hi! 
typically  less  than  those  for  plani 
electrodes  of  comparable  spacir: 
Numerical  values  for  F(x)  and  G 
for  dimensions  of  cylindrical  strnc 
tures  encountered  in  practice  h  i 
given  in  Fig.  4.  For  any  specific: 


BUTTON  TYPE.  FLAT  OR  STEPPED  TYPE 


SQUARE,  OBLONG  AND  ROUND 


CLOSEST  TOLERANCES 


EXCELLENT  FINISH 


MINIMUM  LAPPING 

GREAT  SAVINGS  IN  MAN  HOURS 
AND  COSTS 


Send  for  full  information 


ELECTROMf' 


:CTRO> 


A  miracle  meta! . . .  Majtnesium  serves  a  vital  wartime  need 
in  tracer  ammunition,  parachute  flares,  and  illuminating 
signals. To  reduce thisdifiicult, extremely  hazardousmetal  to 
powder,  Magna  Manufacturing  Company  developed  special 
machinery  and  precision  processes.  Now,  in  three  Magna 
plants... the  largest  facilities  of  their  kind... we  reduce 
Magnesium  to  a  uniform  dust  in  compliance  with  rigid 
U.S.  Army  and  Navy  standards. 


BUT  TOMORROW. 


The  facilities  that  Magna  perfected  open  new  possi¬ 
bilities  for  the  utilization  not  only  of  magnesium  but 
also  all  other  types  of  disintegration-resisting  metals 
and  other  materials  such  as  ceramics,  plastics  and 
pigments. 

Magna  capacities  are  today  entirely  occupied  with 
production  for  victory.  How  ever,  Magna  engineers  are 
prepared  to  council  forward  looking  industries  on  the 
potentialities  of  powdered  metals  and  other  materials 
in  postwar  product  planning. 


"“'■I'  and  , 

'»  C  oT'"''-  o. 

produc,,..  f>e„e 

htlZ  ‘'"■•■•able 
.'"Po.dtred 

invited.  ■  inquiry 


MANUFACTURING  COMPANY,  INC. 


MANUFACTURERS  OF  MAGNAFLAKE  METAL  POWDERS 


444  MADISON  AVENUE,  NEW  YORK  22,  N.  Y 
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that  a  smaller  structure  is  c  tlle( 
upon  to  dissipate  a  larger  amount  o: 
power.  The  spiral-grid  tube  at  de 
scribed  by  A.  G.  Clavier*  is  u  efi; 
to  much  higher  frequencies,  in  th( 
order  of  5000  megacycles. 

In  this  tube  the  grid  takes  th( 
form  of  an  open  (unshorted)  heli.i 
surrounding  an  axial  filament.  Thi 
plate,  a  concentric  cylinder,  is  ordi 
narily  supported  at  the  middle  anr 
is  maintained  at  a  high  nepativi 
voltage  with  respect  to  the  filament 
The  output  is  taken  from  the  tw( 
ends  of  the  grid,  which  is  maintainei 
at  the  usual  high  positive  potential 
The  generated  frequency  is  muc! 
higher  than  that  predicted  by  th< 
simple  theory  of  free  electron  osci! 
lations.  Experiment  shows  that  i 
is  primarily  dependent  upon  the  res 
onant  properties  of  the  grid  ant 
associated  load,  and  is  essentially  in 
dependent  of  the  applied  voltage.  Tli( 
exciting  mechanism  is  entirely  deJ 
pendent  upon  transit  time  effects 
The  construction  of  one  of  thes( 
tubes  is  shown  in  PMg.  6.  The  fila 
ment,  usually  of  pure  tungsten,  is 
supported  in  tension  between  two  end 
supports.  The  grid,  formed  of  tan 
talum  or  some  other  highly  refrac 
tory  metal,  is  an  open  spiral  con 
centric  with  the  filament.  The  ends 
of  the  grid  are  supported  by  two 
relatively  heavy  rods  which  form  th; 
output  terminals.  They  pass  direci  .v 
through  the  hard-glass  envelope  : 
the  load  circuit,  which  is  usually  a 
parallel-wire  or  Lecher  system.  Evi¬ 
dently,  then,  these  rods  are  them¬ 
selves  part  of  the  output  line.  Th- 
plate,  which  forms  no  part  of  th: 
high-frequency  circuit,  is  supported 
at  the  middle  by  a  single  rod  or  ba- 
Thus  the  entire  structure  is  very 
symmetrical  and  simple  in  compari¬ 
son  with  conventional 


FOR  EVERY  RADIO, 
ELECTRICAL  AND  ELECTRONIC  USE 


Fabricated  parts  for  electronic  tube  and  condenser  manu¬ 
facturers  —  including  discs,  bridges,  supports,  stampings  in 
any  shape  or  form,  condenser  films,  etc. 

Serving  hundreds  of  leading  companies  since  our  com¬ 
pany  was  established  under  its  present  management  in 
1917.  Special  attention  has  been  paid  to  radio  tube  and  com¬ 
ponent  manufacturers  since  the  early  days  of  the  radio 
industry. 

Our  complete  manufacturing  facilities,  experience  and 
the  quick  understanding  of  our  customers’  problems,  blend 
to  make  our  services  invaluable  to  an  increasing  number 
of  new  clients. 

May  tee  quote  on  your  requirements  or 
discuss  your  mica  problems  tcith  you? 


FORD  RADIO  &  MICA  CORPORATION 


JOSEPH  J.  LONG,  President 

J  Street  Brooklyn, 

Established  1917  •  Telephone:  Vi  Indsor  9-8300 


it  DEDICATED  TO 


BRACK  Antennas  and  other  radio 
and  electrical  products  ore  now 
enlisted  for  the  duration— serving,  as  'ajj^ 
in  the  First  World  War,  to  hasten  the 
day  of  Victory.  Their  high  peacetime 
standards,  today  applied  to  the  needs 
of  war,  reflect  our  36  years'  experience 
in  "QUANTITY-plus-QUALITY"  manufacture. 


receivir- 

tubes. 

Fay  and  Samuel*  describe  exter. 
sive  tests  on  some  seventy  differer: 
experimental  tubes  of  this  sort.  Th: 
frequency  range  from  500  to  2" 
megacycles  was  covered.  The  n  c' 
significant  result  of  this  work  is  s 
relation  between  the  expanded  length 
of  the  grid  coil  and  the  frequency  a 
which  optimum  oscillating  conditions 
exist.  The  ratio  of  expanded  length 


•  Clavier,  A.  G.,  The  Production 
Dtillratlon  of  Micro-Kays,  Electrical 
munication,  12,  3,  1933. 


•  Fay,  C.  E,  and  Samuel,  A.  L.,  Vn 
Tubes  for  Generating  Frequencies  above 
Hundred  Megacycles,  Proe.  J.R.E.,  23, 
1935. 
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ROCKBESTOS  Permanently  Insulated 

WIRES,  CABLES  AND  CORDS 

Answer  £/ectronic  Wiring  Probiems 

_  I  1 


V 


*  Typhei  Rodclw.ro. 

: - teng-Uvod  PwfomK"«* 


A?  • 


ROCKBESTOS  nHEWMi.  «*®‘®  re- 

.'fSst  U*h.  weiKh. 

isunt  hookup  ’'5^0  ground  in«aU..ions 

,s«i  since  .n  °/~mp.r.ture  ranKC 

“‘‘J “llrc'to  mS«”o-C.  Size,  No.  22  «o  4 

[wG  constructed  as  in  panel  above. 


and  instrumenis.  c:j„  Nq.  22  to  4  I 

from  above.  With  the  electronic  developments  of  today  are  the  122 

AWG  construct  1  Standard  types  of  permanently  insulated  wires,  cables  and  cords 

I  developed  by  Rockbestos  to  give  dependable  performance  under 

1  severe  or  unusual  operating  conditions.  Each  and  every  one  has 

rockbestos  type  ca  ^  built-in  permanent  characteristics  that  provide  resistance  to  heat, 

Has  hi«h  dielectric  “humidity  is  dame,  cold,  moisture,  oil,  grease,  alkalies,  caustics  and  corrosive 

k^rfondiao?.'  ■  •  •  "  for  long-lived  service. 

'‘7h‘‘wnth«Kp^*nd  vwious  thicknesses^  1  The  Rockl^stos  line  includes  wires  that  are  unaffected  bv  insu¬ 
lted  asbestos  in  black,  white  or  coiors^^^^  I  lation-baking  temperatures  up  to  125°C  or  frigid  cold  as  low  as 

~~  1  mlous  50  C  .  .  .  wiccs  that  are  small  in  diameter,  light  in  weight, 

viliiUliiinEBlllHidlMh*  '  1  possessing  unusually  high  dielectric  strength.  A  few  of  the 

-dkdw.oeeTos  theribostat  comtiwm.  wiRE^  Standard  constructions  are  illustrated  and  others  are  available 

e  1®?!;ita«e  signal  and  intercommumcatinR  ,n  sizes  Tanging  from  No.  30  AWG  to  2,500,000  CM  in  voltages 

from  300  ,0  5000. 

.'oimV-o,*  '  “  <*“  “«kUic.tmor  I  f°''  rhose  speci.il  applications  .  .  .  where  standard  construe- 

wall  of  felted  asbestos  and  sp.  t,or,s  won  t  do  .  .  .  Rockbestos  Research  will  gladly  develop 

wires  to  meet  your  particular  requirements.  Just  outline  vour 
problem  and  write  to  the  nearest  branch  office  or: 

e  A  V  C  600  VOIT  WOTOR  LEAD  CABU  Roekb.atoi  Products  Corporation,  402  Nicoli  St.,  New  Haven,  Conn. 

ROCKBESTOS  R.V.C-  rt,rt;«ture  rcsistaot 

ROCKBESTOS  RESEARCH 

ana  rovered  with  a  rugRcd  asbestos  brata. 

- - - - -  Solves  Difficult  Wiring  Problems 

M"  YORK.  BtIFFAlO.  CLFVEIAND,  CHICAGO.  FnTSBURCH.  ST  LOUIS.  LOS  ANGELES.  SAN  FRANt  lSCO.  SEATTLE.  PORTLAND.  ORE 

n  I «  TRONICS  —  August  1943  ,,, 


■OCKBESTOS  THERIBOSTAT  CONTROL  WIRE 
F„  1„,  .oil... 

VR“Td’  l”  AWG  .o  .o  ti.  c«.du««t.  »iik, 

.'o‘  »V.O»-  or  trot  ;“;i  “atc.tm- 
wall  of  felted  asbestos  and  spiral  metai.. 


and  covered  with  a  rugged  asbestos 
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of  the  grid  to  the  wavelength  of  opti- 
muih  performance  was  found  to  be 
closely  equal  to  1.2  with  few  signifi¬ 
cant  deviations.  The  ratio  of  plate 
diameter  to  grid  diameter  was  ap¬ 
proximately  2.5.  In  all  tests  a  rather 
high  negative  voltage  was  applied  to 
the  plate,  and  in  all  cases  the  effi¬ 
ciency  was  lows  in  the  order  of  0.5 
to  1  percent. 

Spiral-grid  Barkhausen  oscillators 
are  subject  to  a  certain  amount  of 
trouble  due  to  parasitic  oscillations. 
That  is,  undesired  oscillations  of  a 
frequency  far  removed  from  that  of 
the  desired  oscillation  may  result  if 
the  load  tuning  or  applied  voltages 
are  distributed  by  a  small  amount. 


The  mechanic  completes  his  check,  and 
the  ship  moves  out  on  the  runway.  A 
score  of  shining  faces  on  the  instru¬ 
ment  panel  say,  "We’re  ready!” 


Telegraph  Keys  to  Signal 
Corps  Specifications 


Climbing,  gliding. 


Climbing,  gliding,  zooming — these 
tiny  dials  "hear”  and  "see”  the  things 
the  pilot’s  got  to  know.  Mixture.  Gen¬ 
erator.  Radio.  RPM.  They  must  have 
the  pilot’s  confidence.  The  instruments 
must  be  right. 


Types  now  in  production  include 


The  Divided  Piat*  Oscillator 


A  very  interesting  and  important 
variant  of  the  spiral-grid  tube  was 
developed  by  W.  D.  Hershberger.* 
This  tube,  which  is  illustrated  in 
Fig.  6,  differs  from  the  normal  spiral- 
grid  tube  only  in  that  the  plate  is 
divided  into  three  equal  sections  by 
transverse  cuts.  Two  important  ad¬ 
vantages  are  made  possible  by  this 
division.  The  various  sections  of  the 
plate  may  be  operated  at  different 
direct  potentials,  and  resonant  cir¬ 
cuits  may  be  connected  between 
them. 

The  operation  of  this  tube  is  not 
essentially  different  from  that  of  the 
normal  spiral-grid  tube.  In  fact,  it  is 
essentially  an  idealization  of  that 
operation.  The  central  portion  of  the 
grid  and  plate  contribute  little  to 
the  operation,  while  the  end  sections 
oscillate  in  a  pure  push-pull  or  sym¬ 
metrical  fashion  at  or  very  near 
the  natural  frequency  of  the  grid 
spiral.  Since  the  central  section  of 
the  structure  does  not  contribute  to 
the  useful  operation  it  should  be 
rendered  inactive  in  order  to  avoid 
unnecessary  power  dissipation.  This 
is  accomplished  by  applying  a  suit¬ 
able  higher  negative  bias  to  the  cen¬ 
tral  portion  of  the  plate.  When  this 
voltage  is  properly  chosen  the  cen¬ 
tral  grid  section  draws  little  or  no 
current.  The  electrostatic  field  pat¬ 
tern  which  results  tends  to  crow’d  the 
current  toward  the  outer  portions  of 
the  end  sections  where  it  is  most 
effective. 

A  very  marked  improvement  in 
performance  results  if  suitable  reso- 


Quotations  upon  request 


manu 

insula 


They  are  right,  thanks  to  the  ability 
of  American  manufacturers  to  produce 
electrical  indicating  instruments  of 
great  accuracy.  Regardless  of  tempera¬ 
ture,  altitude,  or  attitude,  they  are 
**eyes”  and  "ears”  on  which  the  pilot 
may  rely.  Producing  instruments  of 
this  kind  is  a  job  of  which  we’re  proud. 


STEATITE 

CERAMIC 


Thefi 
by  Lc 
rangi 
insula 
test  p] 
pounc 


CHARACTERISTICS 

Spaciftc  gravity  of  only  2.S  to  2.6. 
Water  abtorption  S.  I.S-O.OOl  per 
cent.  Per  cent  power  factor. 

S._  1.5  to  60  cycles  was  only  0.0165. 
Dielectric  constant  at  60  cycles 
was  5.9-1000  KC  5.4. 

Makers  of  electrical  and  radio  apparatus  des¬ 
tined  for  war  service  are  findinx  in  LAVITE 
the  precise  qualities  called  for  in  tbeif 
specifications  .  .  .  high  compressive  and 
dielectric  strength,  low  moisture  absorption 
and  resistance  to  rot  fumes,  acids,  and  high 
heat.  The  exceedingly  low  loss-factor  of 
LAVITE  plus  its  excellent  workability 
makes  it  ideal  for  all  high  frequency  appli¬ 
cations. 

We  will  gladly  supply  samples  for  testing- 


Manufacturers  of  Electrical  Indicating 
Instruments,  Electrical  and  Navigational 
Instruments  for  Aircraft. 


D.  M.  STEWARD  MFG.  COMPANY 

Main  Office  &  Works:  Chattanooga,  Tenn. 

New  York  Naedham.  Mau.  Chleage  Las  AisstM 


•  IUTslil>«T;:rr.  W.  It..  .Mo(l<>s  of  Oscilliifion 
in  Barkhitus*-n-Kurz  Tiilu-s.  I‘roc.  I.U.K.,  2-1. 


No  matter  how  many  bonds 
you've  bought— BUY  MORE! 


ELECTRONICS 


THEN 

WANT  Approved  porcelain 

and  Steatite  insalators 

CONSULT  THIS  CATALOG! - -  '  IV 


l,OCKt 


r 


iMSUtATQ 

Of 

AHD  tOCKf 


Fifty  progi^sive  years  of  design  and  koio  af 
manufacture  are  back  of  every  Locke  f RAI^ 

insulator. 

The  first  wireless  stations  were  insulated 
by  Locke.  Since  then  millions  of  units  / 

ranging  from  tiny  stand-offs  to  base 
insulators  which  have  safely  withstood 
test  pressures  of  more  than  two  million 
pounds  are  in  active  satisfactory  service. 

Whatever  your  insulator  requirements, 
they  can  be  met  promptly  by  Locke, 


'iill'lki  9'°« 


tocKetiie  with  while 

a.«.ore  highgrode 


LOCKE  INSULATOR 

CORPORATION  Baltimore,  Maryland 
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Gentleman  Products  Division  of 

HENNEY  MOTOR  COMPANY 

Horn*  Office  .  FIIIPOtT,  ILLINOIS 
Factory  at  OMAHA,  NilRASKA 


AND  LOTS  OF  IT 


Transformers'^ 
for  Combat 


In  Active  Service 
Over  the  Entire  Globe 


DINION  COIL  COMPANY 


CALEDONIA,  N.  Y 


And  once  the  war  is  won,  battle*tested 
applications  of  FREQ-KC  Crystal  Units 
will  be  available  for  home  front  products. 
Even  now,  the  war-gained  skill  and  ex¬ 
perience  of  our  electronic  engineers  is 
at  your  service  to  help  plan  crystal 
controlled  applications  in 
your  peace  -  time  de- 
signs.  Their  suggestions 
will  give  your  new  models 
competitive  advantages 
i  n  a  f  t  e  r  -  t  h  e  -  w  a  r 


exhautli^ 


Many  cathode-ray  tabec  are 
simultaneously  on  sealex  machines 
Canadian  factories 
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UAL  D.  C.  SENSITIVITY:  20,000  AND  1,000  OHMS  PER  VOLT  .  . 
WITH  MEASUREMENTS  FOR  A.  C.  AMPERES 

Here’s  a  miiltitester  built  to  satisfy  the  exaeting  deniaiids  of  tlie  Signal 
Corps.  Durable,  sturdily  constructed  and  supplied  with  a  convenient  carry¬ 
ing  case.  Radio  City  Products’  MODEL  488  is  the  ideal  instrument  fo 
field  and  shop  testing  of  military  and  naval  electronic  equipment. 


CHECK  THESE  FEATURES: 

P^jal  D.  C.  sensitivity  of  20,000  ohms  per  volt  and  1,000 
jfims  per  volt.  A.  C.  sensitivity  of  1,(300  ohms  per  volt. 
I  ide-scale  41/2*  nieter  movement  of  50  microamperes. 

*  idings  as  low  as  1  microampere. 

11  multipliers  matched  and  1%  accurate. 

|hree  ohmmeter  ranges?* 
ntf  r  of  ohmmeter  scale  40  ohms, 
eadltigs  as  low  as  0.25  ohms. 

atterifs  are  readily  accessible  can  be  replaced  merely 
releasing  spring  clamp.  No  soldered  terminal  connec- 
on  to  batteries. 


RANGES 

D.C.  Voltmeter  .  .  0-3-12-60-300-600-1,200-6,000  volts. 
A.C.  Voltmeter  .  .  0-3-12-60-300-600-1,200-6,000  volts. 
Output  Voltmeter  .  0-3-12-60-300-600-1,200-6,000  volts. 
D.C.  Microammeter  0-60-300  Microamperes. 

D.C.  Milliammeter  0-3-20-120-600  milliamperes. 

D.C.  Ammeter  .  .  .  0-12  amperes. 

A.C.  Ammeter  .  .  .  0-3-6-12  amperes. 

Ohmmeter  .  T’TT .  0-3.000-300,000  -30,000,000  ohms. 

Model  488  is  supplied  ready  to  operate,  complete  with 
self-contained  battery, -test  probes  and  a  convenient 
carrying  case  with  removable  cover.  Overall  dimen¬ 
sions  of  case:  12*/2^^  x  10%''  x  6%".  Net;  $71.50 


hADIO  CITY  PRODUCTS  COMPANY,  INC 


127  WEST  26th  STREET 


NEW  YORK  CITY 


anufacturers  op  precision  electronic  limit  bridges  — vacuum  tube  voltmeters— volt-ohm-milliammeters  — signal 

f^‘''  ATORS  — ANALYZER  UNITS  —  TUBE  TESTERS  —  MULTI-TESTERS  —  OSCILLOSCOPES  —  AND  SPECIAL  INSTRUMENTS  BUILT  TO  SPECIFICATIONS 
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NEW  PRODUCTS 


Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  measuring  equipment;  issue  new 
technical  bulletins,  new  catalogs.  Each 
month  descriptions  of  these  new  items 
will  he  found  here 


1  percent.  Five  voltage  ranges  of 
0-1.5,  6,  15,  60,  and  150  are  avail¬ 
able  by  turning  a  selector  switch.  A 
self-contained  condenser  for  blocking 
d-c  components  is  connected  to 
separate  terminals. 

Model  481  volt-ohmmeter  is  a  test 
meter  with  a  sensitivity  of  60  micro¬ 
amps.  Internal  precision  wire  wound 
resistors  are  accurate  to  1  percent. 
D-c  voltmeter  readings  range  from 
0.1  to  1000  volt.  D-c  milliammeter 
readingS^ran^  from  0  to  100  mil- 
liamp{Mi»:^esi9tance  measurements 
range  frc^  011  ohms  to  10  megohms. 
Energy^i$r  resistance  measurements 
mally  open  or  normally  closed  con-  is  supplied  from  self-contained  bat- 
tacts.  The  contacts  are  capable  of  teries. 

handling  up  to  12  amps,  115  volts.  Model  442  pocket-size  multimeter 
a.c.  or  d.c.  Hermetic  sealing  in  is  a  compact  multitester  with  a  200 
inert  gas  keeps  contacts  clean.  Re-  microamp  movement  and  a  sensitiv- 
placements  are  easily  made.  ity  of  5000  ohms  per  volt.  The  in- 

Amperite  Co.,  561  Broadway,  New  strument  has  four  d-c  milliammeter 
York,  N.  Y.  ranges  of  0-0.3,  6,  30  and  150  (with 

a  first  scale  division  of  5  micro¬ 
amps;  four  d-c  voltmeter  ranges  of 
0-6,  150,  300,  and  1500  (with  a  first 
Test  Instruments  scale  division  of  0.1  volt;  four  a-c 

voltmeter  ranges  of  0-6,  30,  150,  and 
600  (with  a  first  scale  division  of  0.1 
volt ;  five  output  voltmeter  ranges  of 
0-6,  30,  50,  150  and  600;  four  decibel 
ranges  from  — 6  to  +50. 


Thermostatic  Delay  Relay 

Delays  from  1  to  100  seconds  can 
be  obtained  with  this  relay  which 
fits  any  standard  octal  tube  socket. 
The  relay  is  compensated  for  ambi¬ 
ent  temperature  changes  of  —40  to 
+  100  deg  F  and  is  available  as  a 
single  pole  device  with  either  nor- 


Three  test  instruments  are  an¬ 
nounced  by  Radio  City  Products, 
Inc.,  127  West  26th  St.,  New  York, 
N.  Y. 


^  Gloss  Measuring  Instrument 

Aminco-Scott  Glossmeter 
(Goniophotometer)  measures  high, 
medium  and  low  gloss  (from  zero 
to  100  percent)  of  plane  surfaces  of 
materials  over  2i  x  3  inches  in  size, 
such  as  paint  finishes,  enamels,  lac¬ 
quers,  metals,  wood,  paper,  plastics. 
Model  471  output  meter  has  a  glass,  etc.  Results  are  in  terms  of 
constant  impedance  of  4000  ohms,  I.C.I.  Normal  Observer  and  I.C.I. 
and  is  a  rectifier  type  a-c  voltmeter.  Illuminant  C. 

The  resistors  used  within  the  in-  The  illuminator  uses  a  barrier- 
strument  are  precision  wire  wound  type  photocell  which  is  mounted  ad- 
with  an  accuracy  rating  of  within  jacent  to  the  lamp.  It  acts  as  a  com¬ 


pensating  voltage  supply  in  the  m  ias- 
uring  circuit.  The  amount  of  light 
striking  the  photocell  is  contrtlled 
by  means  of  a  circular  disk  which 
has  graduated  apertures. 

Illumination  is  adjustable  from 
—30  deg.  to  +70  deg.  from  the  nor¬ 
mal.  The  receptor  is  adjustable  from 
+30  deg.  to  —70  deg.  from  the  nor¬ 
mal.  Angles  may  be  read  to  1  min¬ 
ute  of  arc.  Measurements  of  relative 
apparent  reflectance  from  zero  to 
100  percent  (in  steps  of  0.01  percent) 
can  be  made. 

It  operates  on  110-120  volts,  60 
cps  (controlled  frequency)  single- 


phase  a.c.,  and  is  unaffected  by  fluc¬ 
tuations  in  Bhe  voltage.  It  need  not 
be  operated  in  a  darkened  room. 
newal  of  the  lamp  is  the  only  upkeep 
cost  involved.  The  Glossmeter  con¬ 
sists  essentially  of  four  main  com¬ 
ponents — a  goniophotometer,  refer¬ 
ence  plate  and  sample  holder,  control 
and  measuring  unit,  and  galvanom¬ 
eter.  A  standard  glass  reference  plate 
is  supplied.  The  outfit  weighs  ap¬ 
proximately  55  lbs. 

Complete  description  and  specimen 
surves  are  given  in  Bulletin  DB2115, 
which  is  available  from  the  manufac¬ 
turer,  the  American  Instrument 
Company,  Silver  Spring,  Maryland. 

Radiosonde  Test  Chamber 

A  FREE  test  space  measuring 
18x18x12  inches  is  provided  in 
Model  NEL  212  radiosonde  test 
chamber  which  reproduces  elemental 
conditions  of  air  density,  temper¬ 
ature  and  humidity,  controlled  by  a 
transformer-type  voltage  regulator. 
The  instrument  has  both  manual  and 
automatic  control.  Temperature 
gradients  on  the  automatic  cycle  can 
be  held  to  a  tolerance  of  drl  deg  C. 
An  artificial  heat  load  can  be  applied 
to  approximate  the  adiabatic  lapse 
rate  of  radiosonde  ascensions  to 
ztl/10  of  1  deg  C.  Humidity  can  be 
controlled  to  =t:5  percent  RH  from  M 
percent  to  95  percent,  and  is  provided 
by  a  steam  generator  which  is  auto- 

.4iigiisl  1943  —  ELECTROMO 


LINEAR  SHRINKAGE . 13% 

(After  1  hopr  at  105*  C.) 

TENSILE  STRENGTH . 3200  P5X 

FLAME  RESISTANCE,  .does  not  support  combustion 

WATER  ABSORPTION . 0.4%  by  weight 

(After  24  hours  immersion  at  25*  C.) 

HARDNESS,  SHORE  “A” . 50-55 

ELONGATION  AT  BREAK . 295% 

ELONGATION  RECOVERY 
250%  stretch: 

Recovery  after  1  minute . .933% 

Recovery  after  30  minutes . 943% 

CHEMICAL  RESISTANCE 

.\lkalie8,  weak  and  strong  acids . unaffected 

Aromatic  Hydrocarbons — 

Aliphatic  Hydrocarbons . slight  stiffening 

Ketons  and  Esters . affected 

Hot  transformer  oil  (105*  C. — 1  hour) .  .unaffected 

COLORS:  Transparent,  Black. 

SIZES:  Standard  B  &  S  wire  gauge  sizes  from  #24 
with  a  .021  I.D.  to  a  2.000  ID. 

*A11  tests  made  with  standard  #8  tubing. 


DIELECTRIC  STRENGTH 


POWER  FACTOR  (60  cycles) 


LOW  TEMPERATURE 
RESISTANCE 

Flexibiuty:  (Bends  around  Vi* 
mandrel  while  immersed  in  cold 
solution  without  fracture  or 
cracking) 

Impact:  (Drop  Hammer  Method) 


ELEVATED  TEMPERATURE 

RESISTANCE . 

Wires  insulated  with  standard 
28  tubing  were  crossed  and  a 
load  of  one  kilogram  applied  for 
24  hours  at  87*  C.  —  (188.6*  F.) 
did  not  deform,  break  through, 
become  tacky  or  bond. 


SYNFLEX  FT  11  tubing  available  in  special  sizes  and  colors  upon  request. 


Industrial  Synthetics  Corporation 

_ _ _ 60  WOOLSEY  STREET,  IRVINGTON,  NEW  JERSEY 


K1  I  ;CTRONICS  —  August  1943 


matically  controlled.  An  indicating- 
controller  (manufactured  by  C.  J. 
Tagliabue  Mfg.  Co.,  Park  &  Nos¬ 
trand  Avenues,  Brooklyn,  N.  Y.)  is 
incorporated  on  the  control  panel 
with  an  open-well  type  mercury 
manometer.  An  indicator-recorder- 
controller  called  Tag-Celectray  (also 
manufactured  by  Tagliabue)  which 
provides  a  wet  and  dry  bulb  record  is 
also  available  with  the  chamber.  By 
using  a  psychometric  chart,  RH  can 
instantly  be  determined. 

Northern  Engineering  Laborato¬ 
ries,  50  Church  St.,  New  York,  N.  Y. 


Tiny  Precision  Switches 

“Peanut”  micro  switches  said  to 
be  more  rugged,  lighter  and  re¬ 
sistant  to  vibration  than  larger 
models  are  availaWe  with  or  with¬ 
out  an  enclosing  case.  When  used 
without  a  case,  actuating  movement 
can  be  applied  anywhere  over  a  large 
portion  of  the  upper  spring.  When 
a  case  is  used,  a  convenient  mount- 


Physidst 

Experience  in  Electronics, 
Electromechanics,  and 
Hydraulics. 

Research  Engineer 

Electromechanical  or 
Electronic  Experience. 


Bless  them!  They  have  taken 
over  innumerable  communication 
assignments,  and  core  releasing 
trained  men  for  other  services. 
They  ore  doing  o  particularly 
commendable  piece  of  work  .  .  . 
repairing  and  building  equipment, 
issuing  weather  reports,  landing  in¬ 
structions,  cdrcrait  wcnmings,  cmd 
filling  the  vital  lobs  that  keep  our 
boys  fighting  cmd  our  home  front 
working. 

Abbott  Ultra-High  Frequency 
Transmitters  and  Receivers  are 
now  integral  parts  of  wcntime 
radio  communications  systems  .  .  . 
and  theyTl  remain  "on  the  cnr”  to 
carry  your  peacetime  messages. 


Project  Engineer 

Electronic  or  Radio 
Experience. 

Production  Engineer 

Small  Mechanical  Ports  or 
Radio  Experience. 


Fast  growing  organization  in 
the  Electronics  field  with  two 
modern  production  plants; 
well-equipped,  30,000  sq.  ft., 
Research  Laboratory.  En¬ 
gaged  100%  in  war  work. 
Excellent  opportunity  in  the 
post-war  field  of  Industrial 
Electronics,  High  Power  Vac¬ 
uum  Tubes,  Photo-Cells,  Spe¬ 
cial  Tubes,  also  Commercial 
Radio  Equipment. 

Persons  in  war  work  or  essentiol 
activity  not  considered  without 
statement  of  availability. 


ing  stem  is  provided.  The  contact 
gaps  (for  d-c  loads)  measure  up  to 
0.085  inch  but  can  be  varied.  Con¬ 
tacts  are  99.95  percent  silver  and 
are  formed  with  a  knurled  surface 
to  provide  high  unit  pressure  for 
low  voltage  applications  and  to 
minimize  the  effects  of  dirt  on  the 
contacts  when  an  enclosing  case  is 
not  used. 

Micro  Switch  Corp.,  Freeport,  Ill. 


Give  a  pint  of  blood  to  the 
Red  Cross,  a  liie  is  worth 
more  than  a  painless  half 
hour  of  your  time. 


White  Pencil  Tracing  Cloth 

Whitex  is  the  name  of  a  tracing 
cloth  which  is  moisture  resistant  on 
both  sides.  It  takes  a  jet-black 
image  from  a  hard  pencil.  The  cloth 
itself  is  quite  transparent. 

The  Frederick  Post  Co.,  Box  803, 
Chicago,  Ill. 


P-M5,  Electronics 


330  West  42  St..  New  York  18.  N.  Y, 


>  WEST  1)  STREET.NEW  YORK,  N.  V 


ELECTRONICS 


lore  than  1,000  pages,  6x9 
profusely  illustrated 
$6.00 

!oie  Featires  of  the  Haodbook 

formulas  and  curves  on  skin  effect,  induc- 
mutual  inductance,  and  capacity  represent 
most  complete  collections  ever  presented  in 
I  place.  The  same  is  true  of  the  transmission- 
equations,  the  formulas  for  field  patterns 
radiation  resistance  of  antennas,  the  treat- 
of  ground-wave  and  ultra-high-frequency 


'  theory  is  covered  in  a  straightforward 
comprehensive  way  that  will  help  widen  the 
of  such  matters  as  Foster’s  re- 
theorem,  attenuation  and  phase  equaliz- 
lattice  and  ladder  filters  of  various  types, 
matching  and  insertion  loss,  the  re- 
'  between  attenuation  and  phase  shift,  etc. 
treatment  of  electron  optics  is  noteworthy 
'  it  is  the  first  summary  of  the  subject 
has  appeared  in  handbook  form,  and  also 
'  it  presents  the  most  complete  collection 
on  electron  lenses 
published. 


By  Frederick  E.  Terman 

Professor  of  Electrical  Engineering  and  Executive  Head,  Electrical 
Engineering  Department,  Stanford  University  (absent  on  leave). 

Director,  Radio  Research  Laboratory,  Harvard  University 

One  of  the  most  complete  works  of  its  kind  ever  published,  this  outstandfng 
reference  work  presents  a  wealth  of  essential  theory  and  up-to-date  standards, 
practice,  and  data,  especially  selected  and  organized  *to  meet  the  needs  of  the 
engineer  dealing  with  practical  radio  and  electronic  problems. 

13  big  sections,  covering 


1.  Tables,  Mathematical  Relations, 
and  Units 

2.  Circuit  Elements 

3.  Circuit  Theory 

4.  Vacuum  Tubes  and  Electronics 

5.  V'^acuum-tuhe  Amplifiers 

6.  Oscillators 


7.  Modulation  and  Demodulation 

8.  Power-supply  Systems 

9.  Radio  Transmitters  and  Receivers 

10.  Propagation  of  Radio  Waves 

11.  Antennas 

12.  Radio  Aids  to  Navigation 

13.  Measurements 


Terman’s  Handbook  concentrates  on  those  topics  which  the  radio  man 
thinks  of  as  constituting  radio  engineering — presented  in  concise  descriptions, 
fundamentals,  formulas,  procedures  useful  in  actual  design,  tables,  diagrams, 
etc.  Consult  it  for  data  needed  in  routine  problems  of  design  and 
practice,  or  in  investigation  of  special  problems  or  branches  of  work. 
Check  your  methods  against  best  accepted  practice.  Save  time,  trouble, 
and  error — get  quick,  dependable  answers  to  your  questions,  when 
you  need  them,  from  Terman’s  Radio  Engineers’  Handbook. 

See  one  of  the  first  copies  off  press.  Just  mail  the  coupon;  pay  for  or 
return  the  book  after  examination.  This  authoritative  and  convenient  summary 
of  radio  engineering  knowledge  can  be  of  constant  and  valuable  aid  to  you. 
Send  the  coupon  today. 


McGRAW-HILL  ON-APPROVAL  EXAMINATION  COUPON 

M<-(iK.\W-HIl.l.  BOOK  CO.,  330  W.  4Snd  St.,  Xew  York  18,  X.  Y. 

Send  me  Terman's  Radio  Engineers'  Handbook  for  10  days'  examination  on  approval. 
In  10  days  I  wiil  send  16.00,  plus  few  cents  postage,  or  rs-turn  book  postpaid.  (Postage 
paid  on  cash  orders,  same  examination  and  return  |>rivilege.) 


Name  . 

Address .  Position  . 

City  and  State . Company 
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IN  I9  f?  a.r.*  this  tvill  he  a  normal 
mriirrenre — due  lo  ihe  tremendous 
strides  industry  is  inakiii"  as  it  pro¬ 
vides  new  and  belter  materials  of  war. 

The  same  hiph  standards  of  safely, 
the  elose  tolerances,  the  pre«-isioii  in- 
striinienls  that  are  indis|>eiisahle  in 
modern  varfare,  will  he  available  for 
every«>iie  in  |>eacetinie  throiiph  the 
new  methixis  of  mass  production  we 
are  learning  today. 


Ihe  public  will  demand  finer,  more 
precisely  made  products  in  |ieace- 
time  tomorrow.  Industry  must  plan 
now  to  utilize  for  (leacelinie  pro<iiic- 
lion  its  expanding  know  ledge  of  mate¬ 
rials  and  niamifacluring  techniques. 


{fMou  )  S<»nir  of  «Mir  |»rrri*ion- 
iiiaHr  parti*  that  are  helpinjc  bring 
^  krtory  cloHer,  and  which  will 
help  tDuuiii  our  world  of  tomorrow. 


ERICSSON 


SCREW  MACHINE  PRODUCTS  CO  .  INC 


gears,  which  are  made  of  ht  '  1 
cut  laminated  Bakelite,  oi-  - 
quietly,  are  completely  enclosed  j 
protected.  The  motor  ha^  f 
ventilation  for  cool  operation, 
bearings  and  ample  oil  reserves 
is  precision  assembled. 

Rotont^Mfg.  Co.,  Alhambra,  CaL 
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~  7  000  types  of 

i„  the  hist  ten  years • 


relay  specifications 

THE  POSITIVE  A  C  1  i  O  N  K  E  L  A  V 


Send  yonr 

fe 


“We’ll  close  that  contract  before  noon . . . 


Rotatable  Transformer 

Illustrated  is  Type  787  rotatai; 
transformer  which  is  light  in  wei^r 
and  is  for  use  in  electronic  deviir 
It  operates  on  either  32  volts,  60  ei, 
or  110  volts,  400  cps,  a-c  current  a:, 
may  be  continuously  rotated  j 
speeds  up  to  1800  rpm.  With  li 
volts  input  the  voltage  varies  fr  r 


i  zero  to  193  volts  according  to  the  p 
!  sition  of  the  rotor.  With  a  weight  u 
!  10  oz  and  an  overall  length  of  le: 
i  than  3  inches  the  unit  may  be  in. 
j  porated  into  units  where  ti-riVj.a 
'  ness  and  lightweight  are  essential. 

Kollsman  Instrument  Division  ; 
Square  D  Co.,  80-08  45th  Ave.,  Ell" 
hurst,  N.  Y. 


Constant  Speed  Motor 

A  SELF-STARTING,  CONSTANT 
motor,  which  maintains  speed 
lation  under  variations  of  vol  a? 
load,  and  temperature,  measures  4 
X  31  X  31  inches.  It  is  avai  a  ; 
for  operation  on  110  and  220  \  : 
50  or  60  cps  at  14  watts  input. 


•After  Victort 


thanks  to  the  company’s  helicopter.” 


[jca  Capacitor  Alternates  | 

ype  38  OIL  TUBULARS,  designed  as  i 
[gtal- cased  alternates  for  mica  ca- 
acitors,  are  for  use  in  assemblies 
•here  space  and  weight  are  at  a 
jinin  um.  They  meet  standard 
pecifications  for  paper  dielectric 
apacitors  used  as  mica  alternates, 
[he  metal  case  is  capped  with  a 
louble-rubber  Bakelite  terminal  in- 
ulator  assembly.  Units  are  avail- 
ble  with  both  terminals  insulated 
r  with  one  terminal  grounded  to 
lie  case.  The  units  have  pigtail 
erminals  and  come  in  two  sizes 
1  inch  long  x  A  inch  diameter  and 
nd  18/16  inch  long  x  7/16  inch 
iameter),  and  are  normally  sup- 
lied  without  an  outer  sleeve  but 
an  be  had  with  an  insulating 
acket  which  adds  inch  to  the 
qmeter.  Impregnant  and  fill  are 
vailable  in  either  castor  (Hyvol)  or 
n  mineral  oil.  Ratings  are  from 
to  800  volt  d.c.  The  capacitance 
ange  is  from  0.001  to  0.01  mfd. 
.\erovox  Corp.,  New  Bedford, 


Icrmelicall  y-Sealed 
ransformer 

LASS  OR  PORCELAIN  INSULATORS  with 
etal  bands  are  used  in  these  trans- 
imers  to  make  them  especially 
iitable  in  applications  where  dust 
Id  dampness  prevail.  The  insula- 
r>  are  soldered  into  a  transformer 
'e  which  is  made  of  cold  drawn 


ii^per-plated  steel.  The  transform- 
is  meet  Navy  specifications  for  , 
‘‘metic  sealing.  Impregnation  j 
iwcess  used  is  the  manufacturer’s  i 
>'11  pr  'cess  called  “vac-sealing”. 

Peerless  Electrical  Products,  6920 
k'Kinley  Ave.,  Los  Angeles,  1*  Cal. 


STEP  NO*  94 


This  aircraft  instrument  housing — Step 
No.  94  for  a  famous  maker  oTwar  planes 
— looks  like  one  piece.  But  iPs  actually 
five  pieces!  Five  pieces  of  aluminum 
formed  and  welded,  machined,  finished 
—  to  limits  .003.  Isn't  there  a  step  in 
your  production  cycle  where  our  ^^Pack- 
aged  Production”  would  be  a  big  help? 
You’ll  get  54  years  of  exceptional  ex¬ 
perience  in  Metal  Fabrications:  Precision 
Machine  Work:  Electrical  &  Mechanical 
Assemblies.  Also,  eltrefully  organized 
operational  methods  to  relieve  you  of  all 
production  responsibilities  on  an  entire 
produet — or  a  single  part.  Avoid  produc¬ 
tion  headaches  and  inquire  if  our  prior 
commitments  will  "Let  Lewyt  Do  It.” 
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Clutch  Head  Screws 

These  screws  can  be  operated  with 
an  assembly  bit  or  with  a  standard 
type  screwdriver  when  used  out  in 
the  field,  or  in  an  emergency  with  a 
piece  of  steel  rod  flattened  to  the  ap¬ 
proximate  semblence  of  a  screw¬ 
driver.  The  clutch  of  the  screw  head 
is  deep  and  is  easy  to  get  at.  The 
center  pivot  of  the  assembly  bit  is 
rugged  and  free  from  sharp  fins.  The 
manufacturer  states  that  actual  tests 


show  that  the  center  pivot  bit  can  go 
through  approximately  200,000  op¬ 
erations  without  failure.  Worn  down 
bits  may  be  renewed  by  applying 
them  for  a  short  period  to  a  grinding 
wheel.  The  clutch  head  feature  iof 
these  screws  is  adaptable  to  a  wide 
range  of  head  designs. 

A  bulletin  which  more  thoroughly 
describes  and  illustrates  this  product 
is  available  from  the  manufacturer. 
United  Screw  &  Bolt  Corp.,  Chicago, 


IT'S  VALUABLE 
IT'S  INDISPENSABLE 
IT'S  TINELT 

So  Send  TODAY  lor  Your  Cop 

MotoHi 

FOB  USE  IN: 

Automatic  Reset Timen 
— Time  Delay  Relays— 
Vacuum  Tube  Circuit- 
Controls,  etc. 

Extensively  used  in  Plats 
Circuit  Time  Delay's  for 
Communication  Equip* 
ment. 


Rubber-Like  Flexible  Tubing 
for  Electrical  Insulation 

Two  TYPES  OF  THIS  TUBING  are  avail¬ 
able.  The  first  is  designated  as  “Syn- 
flex  FT-11”  and  it  is  a  transparent, 
flexible  tubing  developed  for  extreme 
sub-zero  applications.  The  range  of 
working  temperatures  for  continuous 
operation  is  —60  deg  F  to  +188.6 
deg  F.  Its  dielectric  strength  is  1000 
VPM.  Its  transparency  facilitates 
circuit  and  wire  code  identification 
and  permits  inspection  of  soldered 
points  or  connectors  without  having 
to  remove  the  insulating  sleeve.  The 
second  type  of  tubing  is  designated 
as  “Synflex  FT-22”  which  is  a  rub¬ 
ber-like  synthetic  for  both  electrical 
and  non-electrical  applications  and 
may  be  used  to  replace  varnished 
tubing  and  sleeving,  rubber,  tin, 
aluminum,  copper,  etc.  It  has  a  tem¬ 
perature  resistance  of  +194  deg  F 
and  a  dielectric  strength  of  1200 
VPM.  Neither  of  these  types  will  sup¬ 
port  combustion  and  both  have  high 
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CHICAGO  TRANSFORMER 

CORPORATION 

3501  WEST  ADDISON  STREET  •  CHICAGO 


have  Drawn  Steel  Cases 


A  one-piece  Drawn  Steel  Transformer  Case  without 
seams  or  spot  welds  is,  because  of  its  simplicity,  the 
strongest  type  of  mechanical  construction.  Then,  too,  the 
one-piece  construction  provides  a  continuous  electrical 
and  magnetic  path  resulting  in  better  shielding  from  out¬ 
side  electrical  and  magnetic  disturbances.  Absence  of 
seams  also  assures  maximum  protection  against  atmos¬ 
pheric  conditions — guarantees  longer  transformer  life. 

If  your  transformers  have  to  pass  the  most  rigid  tests. 
Potted  Transformers  in  Drawn  Steel  Cases  are  probably 
your  answer.  Write  for  information  on  this  Drawn  Steel 
Case  line! 

Pioneers  of  the  Compound  Filled  Drawn  Steel  Transformer  Case 


“HMitriir-r- 


CARTER  SOLVES 


For  many  T***'*»  Carter  Itatee  Imcb  •  familiar  part  of  tk« 

specification*  ^  leading  ComaannicatioB  Eqnipment  Manufacturers, 
Police  Departments,  Government  Agencies,  etc.  May  we  suggest  you 
submit  your  Dynamotor  requirements  too,  and  see  for  yourself  the 
reason  for  this  recognized  preference. 

The  latest  catalog  of  Carter  Dynamotors,  Converters,  Permanent  Magnet  Generators 
and  Dynamotors,  and  special  rotary  equipment  will  be  sent  upon  request. 


RIGID 

TERMINALS 


Tiny  Screws 

Precision-made  screws  which  n.eas. 
ure  0.072  inches  in  diameter  are 
available  for  use  in  aviation  head- 


(PstcBt  Pendlns) 


1606  Milwaukee  Av.  Carttr,  o  well  known  name  In  radio  for  over  twenty  years.  Cable:  Genemotor 


f 


inds)  and  i 
ih  the  ur 


-Investigate  the  DI-ACRO  System  of 

DIE-LESS  DUPLICATING 


IP  YOU  BEND  tubing, 
wire,  channel, 
moulding,  strip  stock 


np  FORM  angles, 
channels,  ”vees”, 
brackets,  clips 


np  TRIM  stampings, 
strips  or  squares, 
make  slits  or  notches 


lerplionc 

|>;ger  Model  No.  404  is  a  portable, 
jf^rontained  interphone  which  may 
used  as  a  means  of  two-way  com- 
inication  between  two  workers  in 
i<v  factory  assembly  lines.  The  in- 
■iimeiit  is  carried  on  a  waist-belt 
th  a  strap  for  the  user’s  shoulder. 

Ie  interphone  amplifier  case  is  re- 
red  for  two-way  operation  and 
ween  the  two  persons  is  a  single 
•d.  of  any  desired  length,  for  one- 
y  communication,  or  two  cords  for 


way  service.  A  throat  type  mi- 
..hone  (which  frees  the  worker’s 
ds)  and  regular  headphones  come  j 
h  the  unit.  The  volume  can  be  \ 
■j'ited  to  the  desired  level.  An 
'io  output  of  180  milliwatts  is 
nilable.  The  overall  size  of  the  j 
crphone  amplifier  unit  is  4i  x  2i  x 
inches.  The  weight  of  the  unit  is 
^  10  oz  complete  with  tubes,  bat- 
and  belts. 

"!f‘ctronic  Specialty  Co.,  3456  j 
ilale  Blvd.,  Los  Angeles,  Cal. 

gli  Altitude  Test  Chamber 

MCOIL”  DESIGNATES  a  high  alti- 
test  chamber  which  consists  of  a 
n-proof  automatic  mechanical  re¬ 
flation  cabinet  and  an  enclosed 
im  chamber  with  insulating  air 
i  e  surrounding  it.  The  chamber 
ides  low  temperatures  quickly 
i  under  actual  ambient  temper- 
te  conditions.  The  manufacturer 
tes  that  the  outstanding  advan- 
'  of  the  unit  for  laboratory  w’ork 
lat  any  changes  in  test  procedure, 

,  liring  holes,  shafts,  electrical 
is  etc.,  affecting  the  construction 
the  vacuum  chamber,  can  be  made 
"out  disturbing  the  refrigeration 
ipment.  The  chamber  can  be  re¬ 
ed  intact,  revamped  or  changed, 
then  re-inserted  in  the  cabinet 
out  extensive  repairs, 
xterior  overall  measurements  of 
icoil”  Model  RAC-11  are  72i 


DI-ACRO  BENDERS 

Bend  angle,  channel,  rod,  tubing, 
wire,  moulding,  strip  stock,  etc. 
Capacity  —  Bender  No.  1 — 7/32” 
round  cold  rolled  steel  bar.  Bender 
No.  2  and  No.  3 — Vi"  cold  rolled 
steel  bar. 


DI-ACRO  SHEARS 

Square  and  sire  material,  cut  strips, 
make  slits  or  notches,  trim  dupli¬ 
cated  stampings.  Shearing  widths 
—No.  1—6".  No.  2—9".  No.  3 
—12". 


Do  you  need  metal  stampings  or 
duplicated  parts  in  a  hurry?  Quite 
probably  you  can  make  them  with¬ 
out  dies!  DI-ACRO  Precision  Ma¬ 
chines  —  Shears,  Brakes,  Benders  — 
have  a  remarkably  wide  range  of  ap¬ 
plications  especially  when  two  or 
more  units  are  used  in  combination. 
In  many  cases  they  eliminate  the 
need  for  dies  entirely — and  you  have 
your  stampings  or  parts  in  a  few 
hours.  All  duplicated  work  accurate 
to  .001".  Put  "DIE-LESS  DUPLI¬ 
CATING”  to  work  in  your  plant — 
it  will  solve  many  a  knotty  problem. 

Send  for  Catalog 

“METAL  DUPLICATING  WITHOUT  DIES” 

^  ou  will  find  this  32-page  book  valuable  for 
refeience.  It  shows  many  typical  stampings 
or  parts  made  with  the  DI-ACRO  System  and 
describes  how  you  can  readily  convert  these 
STANDARDIZED  units  into  highly  SPE¬ 
CIALIZED  machines  for  your  own  work. 


DI-ACRO  BRAKES 

Form  non-stock  angles,  channels 
or  “Vees”.  Right  or  left  hand 
c>|>eration.  Folding  widths — No. 
1  -6".  No.  2—12".  No.  3— 
18”. 


WRITE  FOR  THIS 
CATALOG  TODAY 


32  1  E  ighth  Ave.  South,  Minneapolis  15,  Minn. 
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As  Inventors,  Designers  end  Improvers  of  rnany  elec¬ 
trical  connector  principles  and  practices,  in  the 
Public  Utility  fiela,  we  are  exceptionally  well  able 
to  be  helpful  to  electrical  manufacturers. 

We  specialize  in  rnanufacturing  Electrical  Connec¬ 
tors.  Our  plant,  machinery,  experience,  is  geared 
to  provide  the  best  answer  to  your  connector  prob¬ 
lems.  Perhaps  that  quick,  sure,  handy  wire  con¬ 
nector  you  need  for  your  intricate  Electrical  Instru¬ 
ment  hook-ups  is  right  down  ou£  alley.  Our  80-page 
illustrated  catalog  will  give  a  good  idea  of  what  we 
can  do.  Want  one? 


"YOU'RC  WELL  CONNECTED  WITH  SHEIDON'' 


HAIRSPRINGS 

FOR 

hlectrical  Rqiiipment 
Aircraft  Instriimciils 
Speed  Indicators 
Accurate  C»au|<es 


!«»niiNa  compoitATroN 

CONNECTICUT  U-S»A 


Made  from  appropriate  materials  se¬ 
lected  for  electrical  resistance,  minimum 
drift  requirements,  and  endurance  life. 
Furnished  with  or  without  collets — an<l 
with  ends  bent  as  desired. 


HAIR‘'\ 
SPRINGS^ 


inches  wide  x  101  i  inches  high  x  4! 
inches  deep,  including  the  stand.  Th 
height  of  the  cabinet  is  66  i  inche* 
The  switch  panel  extension  is  ] 
inches.  Interior  (usable  space)  is  3i 
inches  wide  x  24  inches  high  x  1 
inches  deep ;  cubical  content  is  8  & 
ft.  (Model  RAC-22  is  44  inches  wid 
and  has  11  cu  ft  of  usable  interior. 
Temperature  range  is  —70  deg  C  c 
—55  deg  C  to  -t-70  deg  C.  Piesg^r 
is  rated  from  atmospheric  to  60  or 
ft. 

A  descriptive  data  sheet  is  avaiB 
able  from  American  Coils  Co.,  2^ 
Lexington  St.,  Newark,  N.  J. 


Selenium  Stacks 


Small,  lightweight  selenu  m  re 
tifier  stacks  have  been  added  to  tbJ 
tunger  and  copper  oxide  rectifier  lir 
of  General  Electric’s  Appliance 
Merchandise  Dept.,  Bridgeport,  Cni. 
The  electrical  characteristics  of  th- 
rectifiers  have  been  improved  so  th; 
a.c  is  converted  to  d.c  more  efficientl 
Better  forward  current  charaete 
istics  and  low  leakage  provide  high^i 
operating  efficiencies  than 
previously  available. 


Literature. 


Sound  Equipment.  Precision  soui 
equipment  is  described  and  illu 
trated  in  a  28  page  booklet.  Attenij 
ators,  resistance  devices,  attenua’ 
frames,  resistors,  tap-switches,  vo' 
ume  indicator  units,  transmissi' 
measuring  sets,  decade  resistap 
boxes,  jack  mountings,  cords,  plug 
relay  racks,  telephone  switchboan 
type  keys  are  among  the  equipme 
described.  Technical  data  on  mix 
attenuation  curves,  mixer  circuit 
loss  calculations  of  mixer  circuit 
voltage  ratio  table,  pad  formula 
dimensions  of  double  ganged  a 
tenuators  and  dimensions  of  atten 
ator  frames  is  also  include 
Booklet  available  from  Ciner 
Engineering  Co.,  1508  W.  Verd  ig 
Ave.,  Burbank,  Calif. 


Measuring  and  Control  Instrument 
Bulletin  Z6200,  superseding  261" 
is  a  condensed  listing  of  equipnte: 
manufactured  by  the  below  compar 
The  features,  construction,  'H 
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JihK.WtOWN,  PtNNA..  BOX  PtH  BKANCHCS  BOSTON  DETROIT  INDIANAPOLIS  {.rllCAbO  ST.  LOUIS  SAN  FRANCISCO 


II^CCP  C»  4  poqe  folder  will  help  you  solve 

Current  and  Voltage  Problems:  contains 
much  valuable  data  in  practical  form  Write  for  your  copy  now. 

AMPERITE  CO.,  561  Broadway,  New  York  (12),  N.  Y. 

In  Canada:  Allas  Radio  Corp..  Ltd.,  560  King  St..  W.  Toronto 


•nge-S  universal  models  and  price 
;tt  for  temperature  controllers  are 
;ven.  Portable  potentiometers, 
rries  300,  are  described  and  illus- 
lated.  Radiation  heads,  straight 
vpe  thermocouples,  angle  type  ther- 
r.couples,  remote  controllers,  re- 
.4e  controller  auxilliaries,  dame 
antrol  units  and  auxiliaries  and  sev- 
,al  other  instruments  are  covered. 

Z6200  available  from  Wheel- 
0  Instruments*  Co.,  Harrison  and 
\oria  St.,  Chicago,  III. 


ifetallic  Tubing.  Catalog  113  de- 
ribes  the  types  of  flexible  metallic 
.hitig  used  in  the  conveyance  of 
,\\n,  gasses  and  liquids.  Data  is 
ij.en  on  available  fittings,  both  in- 
'  iitrial  and  S.A.E.  Complete  pres- 
ure  charts  and  charts  showing 
siiius  of  bend  are  included.  Cata- 
^  113  available  from 


Titeflex 

Sl.?tal  Hose  Co.,  500  Frelinghuysen 
!,4ve.,  Newark,  N.  J. 


5inc  Plated  Steel.  Facts  about  zinc 
I'ated  steel  are  presented  in  this 
I  page  folder.  This  metal  can  be 
nt,  stamped,  formed,  drawn,  sol- 
’  red  and  spot  welded  to  meet  many 
i.iduction  necessities.  A  suitable 
i^'stitute  for  vital  metals.  Avail- 
I'lle  in  sheets  up  to  36  x  96  inches 
n  most  gauges.  Folder  available 
mm  American  Nickeloid  Co.,  Peru, 


Safety.  “Safety  Speeds  Production” 
was  prepared  to  meet  the  needs  of 
executives  who  face  the  current 
shortage  of  experienced  supervisory 
I  mployees.  The  booklet  has  been  re- 
■  iewed  for  accuracy  and  usefulness 
ily  safety  engineers  in  large  war 
plants.  Bulletin  10  available  from 
Division  of  Labor  Standards,  U.  S. 
pepartment  of  Labor,  Washington, 
!).  C. 


AMPERITE 

REGULATORS 


1.  Amperites  cut  battery  voltage  fluctua¬ 
tion  from  approximately  50%  to  2%. 

2.  Hermetically  sealed  —  not  affected  by 
altitude,  ambient  temperature,  humidity. 

3.  Compact,  light,  and  inexpeirave.  - 
Used  by  U.S.  Army,  Navy,  and  Air  Corps. 


•Absenteeism, 


Controlling  Absen- 
'"eism”  summarizes  the  experience 
f  management  in  200  outstanding 
plants  dealing  with  absentee¬ 
'll  The  booklet  tells  of  the 
methods  of  control  tried  at  the  plant 
'el  and  the  degree  of  success 
'hich  might  possibly  be  attained  if 
'■ese  methods  were  used  through- 


DEUr  RELAYS 


For  delays  from  I  lo  100  seconds. 
NermelicaUy  smM.  Unoffacted  by  obitude. . . .  Send  for  catahgiM  sbMt. 


in  I'RONICS 


out  the  country.  Bulletin  12  avail 
able  for  ten  cents  from  Uniti  j 
States  Department  of  Labor,  ,  I 
vision  of  Labor  Standards,  Wa  > 
ingrton,  D.  C. 


Welding  and  Cutting.  To  aid  us. 
of  the  oxy-acetylene  welding  and  cut 
ting  process,  a  booklet  “Handbooli 
for  welding  and  Cutting  Operator’ 
has  been  prepared.  This  booklet  gives 
a  list  of  do’s  and  don’ts  and 


sug^>'es 

tions  on  the  care  and  maintenance  c: 
blowpipes,  regulators  and  weldins 
and  cutting  accessories.  Avails 
from  International  Acetylene  Assc 

New  York 


cision 


Iflokers  < 


elation,  30  E.  42nd  St. 
N.  Y. 


Bulletin  10  de 


Vacuum  Pumps, 
scribes  bellows  type  vacuum  pumps 
These  pumps  designed  for  produc 
tion  and  laboratory  applications  art 
available  in  three  standard  sizes 
The  construction  features  and  r 
table  of  specifications  for  eac 
model  is  included.  Bulletin  10  frurr 
American 


Automatic  Typewriter 
Co.,  614  N.  Carpenter  St.,  Chicago, 


Bulletin  143  describ 


Insulation, 
ten  insulating  mediums  which  aiv^ 
known  as  “Thermobonds”.  They  are 
produced  for  application  to  such 
units  as  high  speed  armatures,  high 
cycle  drill  and  grinder  motors, 
heavy  duty  motors  and  transform 
ers  and  marine  engine  magneti. 
coils.  Bulletin  143  available  fron 
Sterling  Varnish  Co.,  181  Ohi 
River  Blvd.,  Haysville,  Pa. 


Gage  Blocks.  Four  35-mm  sound 
slide  films  describing  the  use  of  ga^c 
blocks  are  now  available.  The  fcv 
lowing  subjects  are  covered;  Thei  r; 
of  Gage  Blocks;  How  Gage  Blocks 
are  Used ;  How  Gage  Blocks  ar^ 
Made ;  The  Use  of  Gage  Instruments. 
The  history  of  how  gage  blocks  came 
into  being  is  graphically  shown  b; 
the  evolution  of  the  system  of  mea¬ 
surement.  The  care  of  gages  and 


Available  in  sizes  up  to  75  KVA 

Send  for  POWERSTAT  Bulletin  149  I  E  and 
Automatic  Voltaae  Regulator  Bulletin  163  EE 


Should  you  require  smooth  regulation,  accurate,  continuous  and  distortionless 
control  of  AC  voltage  or  power  in  single  or  polyphase  circuits,  investigate 
POWRRSTAT  MOTOR-DRIVEN  VARIABLE  TRANSFORMERS  Manufactured  only  by 
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RADIO  AND 
ELECTRONIC 
COMPONENTS 


RADIO 

bOlLS 

ON  TIME! 


iN  STOCK' 


/03  WEST  ST.  NEW  YORK,N.Y 


Testing  Instruments.  Special  test¬ 
ing  iitptruments  for  automotive  and 
aircfaift  industries  are  given  in 
Bulletin  740.  Air  flow  measuring 
equipment,  recording  and  indicating 
engine  indicators,  direct  pressure 
engine  indicators,  indicating  and 
recording  balanced  pressure  indica¬ 
tors,  piezo-electric  pressure  indica¬ 
tors,  fuel  flow  indicators,  magnetic 
thickness  gages,  piezo-electric 
equipment,  rail  car  test  equipment, 
slow  motion  study  equipment,  sound 
study  equipment  and  many  miscel¬ 
laneous  testing  instruments  are 
briefly  described.  Bulletin  740 
available  from  Commercial  Engi¬ 
neering  Laboratories,  4612  Wood¬ 
ward,  Detroit,  Mich. 


Radio-Noise  Filter.  Bulletin  Gea- 
4098  describes  filters  for  the  sup¬ 
pression  of  radio  noise  in  aircraft 
applications,  on  circuits  with  gen¬ 
erators,  amplidynes,  inverters, 
dynamotors  and  other  equipment. 
These  filters  meets  the  requirements 
of  U.  S.  Army  Air  Forces  Specifica¬ 
tion  No.  32331A.  The  performance, 
attenuation,  electrical  and  mechan¬ 
ical  characteristics  are  given.  Bulle¬ 
tin  GEA-4098  available  from  Gen¬ 
eral  Electric  Co.,  Schenectady,  N.  Y. 


WE  ARE  EQUIPPED 
TO  GIVE  PROMPT 
DELIVERY  ON 
ALL  TYPES  OF 
I.F.  AND  R.F.  COILS 


Radio  Education.  The  booklet  “Ra¬ 
dio-Electronics  in  Education”  pre¬ 
sents  the  various  types  of  aid  radio 
contributes  to  the  trend  of  educa¬ 
tion.  The  booklet  covers  such  sub¬ 
jects  as;  broadcasting  an  aid  to 
modern  education;  recordings  find 
wide  use  in  teaching  field;  radio 
widens  musical  culture  of  America; 
school  sound  systems  heighten  effi¬ 
ciency;  women  and  children  hear 
special  programs;  sound  motion 
pictures  aid  group  instruction;  tele¬ 
vision  is  new  educational  medium; 
RCA  electron  microscope  explores 
unseen  worlds;  the  Inter- American 
university  of  the  air;  radio  and 
phonographs  for  schools;  RCA  In¬ 
stitutes  offers  technical  radio 
courses;  training  devices  developed 
for  schools,  service  organization 
maintained  in  field;  tube  informa¬ 
tion  service  available.  Booklet 
available  from  Dept,  of  Informa¬ 
tion,  Radio  Corporation  of  America, 
30  Rockefeller  Plaza,  New  York, 
N.  Y. 


COMPONENTS  AND 
EQUIPMENT  OF 
EVERY  NATURE! 


V*  gof  rfiem  ...  or  con  got 
thorn  for  you  os  fast  as  worthno 
conditions  poimitf 


For  17  years,  we've  done  nothing 
but  buy  and  sell  electronic  equip¬ 
ment.  We  know  what's  available 
and  where.  We  know  how  to  pick 
and  choose,  selecting  onlythe  best. 
We  can  work  with  you,  advise  you, 
save  time  and  eliminate  headaches. 

Tell  us  what  you  need! 

NfF'll  OEUVm 

.Telephone  orders  to  BRyant  9-1946 


cons 


Elecfromcs  Division 

ESSEX  SPECIALTY  CO.,  Inc. 

1060  BROAD  ST. 
NEWARK.  N.  J. 
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Align  -Aire 

Trimmer! 


CAPACITY 


RANGE: 


2  5  TO 
16  MMF 


Meissner  improved, 
low  loss,  low  drift, 
Align-Aire  Trim* 
mers  are  ideally 
suited  f  or  operation 
under  high  humidity... and  in  critical 
R.F.  circuits... 3200  degrees  rotation... 
less  than  1  mmf  per  180  degrees! 


Dissipation  factor  at  1000  kc:  .064%... 
Q-1570... dissipation  factor  at  40  me: 
3 .7% . . .  insulation  resistance :  greater  than 
1500  megohms... breakdown  over  350 
volts,  60  cycles. ..700  volt  AC  breakdown 
available  on  special  order. 

Meissner  Align-Aires  are  encased  in  the 
newly  developed  Type  16444  Bakelite... 
compact  in  size:  in  diameter  by  1^" 

long.  Sampiet  $ent  upon  requett. 


MT.  CARMEL,  ILLINOIS 


“PRECISION-BUILT 
ELECTRONIC  PRODUCTS” 


Phosphor  Bronze  and  Brass  Design 
Chart.  The  June  1943  issue  of  The 
Mabispring  controls  a  design  chart 
for  phosphor-bronze  and  brass  ex¬ 
tension  or  compression  helical 
springs.  Section  1  covers  safe  loads 
from  one  tenth  pound  to  ten  pounds. 
Booklet  available  from  Wallace 
Barnes  Co.,  Bristol,  Conn. 


Electrical  Rectifiers.  Catalog  sheets 
300  and  301  describe  new  models  of 
magnesium-copper-sulphide  indus¬ 
trial  electrical  rectifiers.  The  char¬ 
acteristics  of  each  are  explained 
and  a  price  list  is  included.  Cata¬ 
log  sheets  300  and  301  available 
from  McColpin-Christie  Corp.,  Ltd., 
4920  S.  Figueroa  St.,  Los  Angeles, 
37,  Calif. 


Welding  Alloy  Chart.  A  welding 
chart  of  welding  alloys  containing 
details  relative  to  the  low  temper¬ 
ature  welding  alloys  is  available 
from  the  Eutectic  Welding  Alloys 
Co.,  40  Worth  St.,  New  York,  N.  Y. 
The  physical  properties  of  the  var¬ 
ious  metals  are  given  and  the 
method  of  operation  for  each. 


Resistor-Condenser  Wall  Chart.  A 
new  and  compact  color  code  wall 
chart,  which  presents  in  both  pic¬ 
torial  and  convenient  tabular  form 
the  complete  RMA  resistor  and  con¬ 
denser  color  code  marking  arrange¬ 
ments  used  by  many  resistor  and 
molded  mica  condenser  manufac¬ 
turers.  Also  available  is  a  four  page 
illustrated  folder  describing  the 
contents  of  the  new  3rd  Edition 
Radio  Troubleshooter’s  Handbook 
,  by  A.  A.  Ghiradi.  Both  available 
;  from  Radio  &  Technical  Publishing 
I  Co.,  45  Astor  PL,  New  York,  N.  Y. 
I  Enclose  a  three  cent  stamp. 


ELECTRONICS  Buyers’  Guide.  The 
Buyers’  Guide  of  the  June  1943  is¬ 
sue  of  ELECTRONICS,  containing 
names  of  manufacturers  who  are 
supplying  the  electronic  industry 
with  parts,  accessories,  materials, 
instruments  and  complete  electronic 
units,  has  been  reprinted  as  a  sep¬ 
arate  bound  booklet  by  A.  W.  Frank¬ 
lin  Mfg.  Corp.,  175  Varick  St.,  New 
York,  N.  Y.  for  distrubution.  A 
limited  number  of  copies  are  avail¬ 
able  directly  from  this  firm. 


LABORATORY 

STANDAROS 

Standard  Signal 
Generators 

h 

I  • 

I  Square  Wave 


Generators 


MEASUREMENTS 

CORPORATION 


Boonton,  New  Jersey 
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{Continued  from  page  114) 


STAR  STEATITE 

A  Product  of  Skill  and  Experience 


Instead  of  copper-oxide  rectifiers, 
lix  type  0Z4  cold-cathode  tubes  may 

Eused  in  a  three-phase  full-wave 
itifier  circuit,  as  shown  in  Fig.  5. 
iree-phase  rectification  is  neces- 
ary  in  this  case  because  the  indi- 
idual  loops  of  current  for  single- 
ihase  rectification  do  not  overlap, 
jid  the  0Z4  tubes  do  not  fire  until 
,  certain  minimum  voltage  is 
eached.  The  field  circuit  is  operat- 
ng  near  the  origin  on  the  hysteresis 
)op,  where  large  change  in  magnetiz- 
ng  force  results  in  a  relatively  small 
hange  in  the  flux  density,  and  hence 
ittle  choking  or  smoothing  action 
s  obtained. 


For  many  years  this  company  has  made  products  simi¬ 
lar  fo  Steatite.  Quick  conversion  of  equipment  and  a 
full  understanding  of  requirements  enables  us  to  offer 
you  "Grade  G"  ceramics  with  a  very  desirable  low  loss 
factor,  and  meeting  Government  Specifications. 

Write  for  the  "Steatite"  Issee  of  ovr  CERAMIC  REPORTER 


:OMPANY 

TRENTON,  NEW  JERSEY 


PORCE 

ELECTRONICS  DEPT. 


Uie  of  Cold-Cathode  Rectifiers 

A  generator  which  builds  up  from 
ts  residual  flux  in  this  manner  has 
he  same  general  characteristics  as 

self-excited  d-c  generator  with  a 
traight-line  magnetization  curve, 
n  a-c  generators  the  magnetization 
ur\e  is  a  straight  line  w’ell  beyond 
ated  voltage,  and  hence  the  genera- 
or  will  not  reach  a  point  of  stable 
peration  anywhere  near  its  rated 
oitage.  Some  device  such  as  a  volt- 
ge-sensitive  relay  (shown  in  Fig. 
)  must  be  used  to  keep  the  voltage 
it  some  value,  say  10  to  25  percent 
f  normal  operating  voltage,  while 
he  filaments  of  the  mercury  vapor 
ectifiers  are  warmed  up.  This 
ecessi tales  an  extension  of  the  fila- 
nent  winding  on  the  main  trans- 
ormer  to  give  the  required  filament 
oitage  when  the  alternating  volt- 
ge  is  at  say  25  percent  of  the  rated 
’slue.  It  is  not  feasible  to  operate 
He  generator  at  rated  voltage  dur- 
ng  this  warming-up  period,  due  to 
He  relatively  large  field  current  re¬ 
tired  from  the  copper-oxide  recti- 
Cfs  or  the  0Z4  tubes. 

The  extra  equipment  required  in 
rder  to  allow  the  generator  to  build 
P  from  the  residual  voltage  will 
ost  more  than  the  reversing  rotary 
^itch,  and  is  not  as  dependable  as 
he  switch  and  battery. 
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HESE  widely  used  Resistors  are  favored 


■  because  of  their  noiseless  operation 
and  durability  and  because  they  retain 
their  values  and  characteristics  under 
extremes  of  temperature,  humidity  and 
climatic  changes. 

STANDARD  RANGE 

1000  ohms  to  10  mogohms. 

NOISE  TESTED 

At  slight  additional  cost,  resistors  in 
the  Standard  Range  are  supplied  with 
each  resistor  noise  tested  to  the  follow¬ 
ing  standard:  "For  the  complata  aadio 
freqaaney  range,  resistors  shall  have 
less  noise  than  corresponds  to  a 
change  of  resistance  of  1  part  in 
1,000,000." 

HIGH  VALUES 

15  mogohms  to  1,000,000  mog> 
ohms. 
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more  detail  later. 

A  Numerical  Cate — a  SMc  |.F 
Transformer 

By  means  of  the  three  sets 
curves  we  can  now  construct  the  pul 
shape  delivered  to  load  i?,.  Suppr 
a  transformer  with  the  followi 
measured  constants  be  required 
deliver  a  flat  top  pulse  of  15  mic 
seconds  duration. 

Leakage  inductance  L 
(secondary  short-circuited)  =>  1.89  X 19' 
Primary  open-circuit 
inductance  »  0.1 

Primary  secondary  turns 
ratio  Nr/  Na  »•  1.3 

Source  Resistance  Ri  »  800  ohms 

Load  Resistance  (Primary 
equivalent)  ■■  5000  ohmi 

Capacitance  Ct  (calculated)  »  388 

From  the  expressions  given  in  Fi 
3,  we  find 

m  =  2.38  X  10* 

T  =■  1.7  microsecond 
ifc  =.  0.65 

The  front  of  the  wave  will  follf 
a  curve  between  those  marked  k 
0.4  and  k  =  0.8  in  Fig.  3.  The  val; 
E  will  be  reached  in  0.5  T  or  0. 
microsecond,  and  a  peak  of  about 
percent  occurs  in  1  microsecond. 

The  top  of  the  wave  will  slope  dov 
to  a  value  determined  by  the  prodi. 
tR^/L  =  0.12,  and  by  a  curve  betwc; 
those  for  R,  =  oo  and  R.  =  2R,  i 
Fig.  4.  The  value  is  evidently  0.91 
The  trailing  edge  is  given  by  Fi 
5.  Here 

m  =  0.258  X  10* 

T  =  39.1  X  10-< 
k  =  1.6 

so  that  the  load  voltage  reaches  zei 
in  O.llST  or  4.6  microseconds.  The 
is  a  slight  negative  loop  of  7  perce: 
at  0.3r  or  11.7  microseconds  beyor 
the  pulse  edge  b. 

The  pulse  delivered  to  load  /?, 
shown  in  Fig.  6  is  a  combination 
these  three  curves. 

Saw-Tooth  Transformers 

Probably  the  most  common  apr.: 
cation  of  saw-tooth  transformers 
to  provide  a  linear  sweep  to  elemer- 
of  a  cathode-ray  oscillograph.  In  sw 
a  circuit,  the  load  on  the  transfornif 
can  be  regarded  as  negligible.  Ther 
fore  we  will  assume  a  linearly  increi 
ing  voltage  as  shown  in  Fig.  7A  to^ 
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Will  ably  handle  members  100  lbs.  in  weight,  subjecting  them  to 
horizontal  motion  fatigue  tests  that  meet  government  specifications. 
Table  area:  15"  x  18".  Base:  24"  x  42".  Capacity  (maximum)  23g 
(approx.).  Table  displacement:  0  to  .125".  Frequency:  10  to  60 
cycles  per  second.  Motor:  II/2  h.p.  Net  weight:  550  lbs. 
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aircraft  parts  and  assemblies  to  vibration  fatigue  tests,  we  have  intro¬ 
duced  the  model  100  ALL  AMERICAN  Vibration  Fatigue  Testing 
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applied  to  the  circuit  of  Fig.  7B. 
Analysis  shows  that  the  voltage  e 
across  the  inductance  L  has  the  same 
slope  as  the  applied  voltage  times  an 
exponential  term  determined  by  the 
resistance  Rx  of  the  amplifier,  the 
open-circuit  inductance  of  the  trans¬ 
former,  and  the  time  between  the  be¬ 
ginning  and  the  end  of  the  linear 
sweep.  Under  the  conditions  assumed, 
the  value  of  the  exponential  for  any 
interval  of  time  can  be  taken  from 
the  curve  marked  R,  =  oo  in  Fig.  4. 
For  example,  suppose  the  sweep  lasts 
for  500  microseconds,  the  tube  plate 
resistance  is  800  ohms,  and  the  trans¬ 
former  inductance  is  10  henries.  The 
value  of  the  abscissa  is  0.04,  and 
since  the  slope  of  this  exponential 
curve  equals  its  ordinate,  the  slope  of 
the  voltage  applied  to  the  plates  of 
the  oscillograph  will  be,  at  the  end 
of  the  time  interval,  96  percent  of 
the  slope  which  it  had  at  the  begin¬ 
ning  of  the  time  interval. 

Let  us  assume  that  at  the  end  of 
the  time  interval  t.  Fig.  7A,  the  tube 
is  cut  off.  Then  the  sweep  circuit 
transformer  reverts  to  that  of  Fig. 
5,  in  which  R  includes  only  the  losses 
of  the  transformer,  which  were  neg¬ 
lected  in  the  analysis  for  linearity  of 
sweep.  That  is,  the  voltage  does  not 
immediately  disappear,  but  follows 
the  curves  of  Fig.  5  very  closely,  the 
same  as  the  trailing  edge  of  the  flat- 
top  pulse. 

Voltage  Rise  in  Reactors 

Numerous  circuits  have  been  de¬ 
vised  for  the  development  of  rela¬ 
tively  high  voltages  by  interrupting 
the  current  through  a  reactor.  We 
will  here  discuss  only  one,  namely, 
that  of  Fig.  8  which  is  typical. 

Battery  E  is  supplying  current 
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When  in  need  of  insulating  varnishes, 
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that  your  electrical  units  are  getting  the 
proper  protection.  They  are  formulated 
to  meet  the  most  rigid  specifications. 

'(Records  on  file.) 


Rare  Gases 
V  stm?  Mixtures 


.  .  .  Spectroscopically  Pure 
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without  contamination 
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1.  The  study  oi  electrical  discharges. 
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3.  Metallurgical  research. 
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Speci.il  mixtures  for  experimental  purposes 
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THIRMATITE  TREATED 

THERMADOR 

TRANSFORMERS 


Thermador  Transformers  are 
Thermatite  treated  to  with¬ 
stand  extreme  temperatures 
and  humidity — arid  or  moist 
heat  —  dry  or  damp  cold  do 
not  hamper  their  efficiency. 
Thermatite  is  the  name  of  a 
process  of  accurate  heat  con¬ 
trolled  vacuum  impregnation 
developed  and  improved  over 
a  period  of  ten  years. 

Thermador  also  manufactures  built-in  Electric 

Heaters.  Electric  Ranges,  Electric  Water  Heaters. 
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through  choke  L  to  the  tube,  when 
suddenly  a  negative  voltage  —E,  is 
applied  to  the  grid  of  the  tube.  This 
interrupts  the  current  through  L, 
forcing  it  to  discharge  into  its  own 
capacity  and  loss  resistance  i?..  There 
is  this  difference  in  the  assumptions 
made  for  choke  L  compared  to  those 
that  were  made  in  previous  analyses 
for  the  open-circuit  inductance  of 
transformers:  the  initial  current 
through  L  is  not  negligible,  but  is  the 
current  drawn  by  the  tube  itself.  We 
will  assume  that  the  series  resistance 
of  the  choke  is  zero,  so  that  the  ini¬ 
tial  voltage  across  C  and  is  also 
zero.  This  analysis,  therefore,  ap¬ 
plies  only  where  the  choke  is  shunted 
only  by  a  high  resistance  such  as  its 
own  losses.  The  case  where  a  voltage 
drop  is  produced  has  already  been 
covered  by  the  analysis  for  the  trail¬ 
ing  edge  of  a  flat  top  pulse  trans¬ 
former. 

The  performance  of  this  choke  is 
shown  in  Fig.  9.  The  ordinates  on  the 
curve  are  the  voltage  rise  divided  by 
the  IR  drop  consisting  of  the  choke 
initial  current  and  the  loss  resistance 
R.>.  The  effect  of  high  inductance  is 
seen  by  the  fact  that  for  high  values 
of  k  the  voltage  rise  is  quite  steep 
and  great.  Low  capacitance  is  also 
important  to  attain  such  steep  vol¬ 
tage  rises.  Close  observance  will  show 
that  the  choke  voltage  rises  up  to  its 
peak  value  in  about  the  same  length 
of  time  that  the  voltage  on  the  trail¬ 
ing  edge  of  the  transformer  de¬ 
creased  to  its  minimum  value.  There 
is  this  difference,  however,  that  for 
small  values  of  k  the  voltage  ampli¬ 
tude  is  small.  Usually  in  the  opera¬ 
tion  of  such  chokes,  only  the  rela- 


Fi9.  11 — Placement  oi  primary  and  sec¬ 
ondary  windings 
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this  branch  of  electronics,  we  can 
bring  to  your  problems  two 


services: 
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manufacturing  facilities 
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craftsmen. 


In  this  connection,  we  suggest  you 
study  the  merits  of  ALNICO  and 
NIPERMAG,  two  superior  perma¬ 
nent  magnet  metals. 
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ively  linear  portion  of  the  voltage 
^  curve  is  used.  Figure  9  shows 
^at  with  proper  values  of  k  it  may 
j  possible  to  utilize  considerably 
of  such  a  pulse.  For  example, 
fc  =  5  the  pulse  could  be  al¬ 
lowed  to  continue  unchanged  up  to 
value  approximately  25  percent 
if  the  time  constant  T,  instead  of 
-ing  cut  off  at  much  smaller  values 
^  T  and  voltage  rise.  This  again  re- 
jires  low  capacitance  in  the  choke, 
it  it  has  the  advantage  of  requiring 
fiis  subsequent  amplification  for  the 
inal  pulse. 

Transformers  and  reactors  de- 
sijjned  in  accordance  with  the  prin- 
liples  here  formulated  are  entirely 
)racticable;  they  have  been  built 
sith  fairly  small  dimensions  for 
iiilses  of  i  to  2700  microseconds  dur- 
ition. 

Capacitance  Evaluation 


THE  ONE  WORD  THAT  TELLS  YOU 
MOST  ABOUT  KURMAN  RELAYS 


The  big  thing  you  want  to 
remember  about  Kurman 
Relays  is  the  confidence 
with  which  you  can  buy 
them  — for  any  purpose. 
In  volume  production  of 
more  or  less  standard 
units  or  costly  experi* 
mental  developments  in 
the  newer  fields  of  Elec¬ 
tronics,  Kurman  Relays 
are  tops.  The  confidence 
which  we  have  built  into 
our  product  over  23 
years,  is  performance  in¬ 
surance  for  you.  Like 
many  of  the  keenest  buy¬ 
ers  of  relays,  whatever 
your  requirements— 
“Consult  Kurman" 


Capacitances  Ci  and  C,  must  be 
ivaluated  in  terms  of  voltage  gradi- 
(nts  in  the  windings;  i.e.,  Ci  and  C, 
ire  not  the  ordinary  measurable  ca- 
[lacity  between  primary  and  core,  or 
econdary  and  core,  or  primary  and 
aondary,  but  usually  exceed  these 
allies  if  the  transformer  is  step-up 
nd  are  less  than  these  values  if  the 
ransformer  is  step-down, 
ransformer, 


In  any 

regardless  of  turns- 
atio,  voltage  gradient  must  be  con- 
idered  for  proper  evaluation. 

For  example,  in  the  transformer 
iho.se  cross-section  is  shown  in  Fig. 
0  the  primary  and  secondary  are 
aih  wound  in  a  single  layer  concen- 
rically,  and  will  be  assumed  as 
'  und  in  the  same  rotational  direc- 
inn,  and  in  the  same  traverse  direc- 
ion  (right  to  left).  It  will  further 
le  assumed  that  the  right  ends  of 
I'th  windings  are  connected  to 
rrnimd  (or  core)  through  large  ca- 
lacitances,  as  shown  dotted,  so  that 
hf  right  ends  are  at  substantially 
ht  same  a-c  potential.  Capacitance 
is  composed  of  many  small  incre- 
iiental  capacitances  Cp  and  C,  of 
f!  any  small  incremental  capacitances 
I  each  of  which  has  a  different  vol- 
age  across  it.  Likewise,  there  exist 
aany  small  incremental  capacitances 
€  between  primary  and  secondary 
i^hich  have  different  potentials  across 
hem.  If  the  transformer  is  step-up 

Cl  =  1/32C,  and  C.  =  1/3  F SC.  + 


One-piece,  all-metal  construction  gives 
Boots  Self-Locking  Nuts  advantages 
over  all  other  fastenings.  Boots  pre¬ 
vent  resistance  through  had  contacts, 
pre\’cnt  any  l(X)scning  of  connections, 


eliminate  vibration  noise,  simplify 
maintenance  and  assembly,  have  great 
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Our  engineering  department  can  help 
you  with  your  fastening  problems. 
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in  your  plant,  consult  us.  We  probably  can  help  you 
overcome  your  difficulties. 


STANDAR 

CORPORATION 

t  00%  I  K  J  E  C 


D  MOLDING^ 
,  Dayton,  Ohio  \ 

T  i  0  N  MOLDING  \ 


m 


TRANSFORMERS 

APPLICATIONS 


Oiir  34  Tears  of  specialization  in  the  building  of  tronsfonners 
of  many  and  varied  types  ore  your  assurance  of  intelligent 
co-operation  in  solving  whatever  transformer  problems  may 
arise  in  connection  with  your  present  or  post-war  products 
in  the  field  of  electronics.  Our  engineers  will  be  glad  to 
consult  with  you. 
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Cl  =  1/3  L2C,  +  •  y  2C.J  a:. 

Ct  =  1/3  C.. 

If  the  ratio  is  1:1, 

Cl  -  1/3  [2C,J  and  Ct  -  1/3 

For  transformers  with  opposite 
angular  rotations  of  primary  and 
secondary  windings,  or  with  opposite 
'  traverse  directions,  (but  not  both), 

the  factor  ( 

in  the  foregoing  equations  hecomf 
(  to  C.  and  C 

for  1:1  ratio:  there  is  no  other 
change.  For  transformers  with  both 
angular  rotations  and  traverse  di 
rections  opposite  there  is  no  chang. 
at  all  in  these  equations.  If  there  i? 
a  shield  between  primary  and  sec 
'  ondary,  omit  terms  containing  C,  in 
these  equations,  and  make  'S.C,  and 
SC,  include  the  capacity  of  secondary 
and  primary  to  shield,  respectively, 
Note  that  SC,  is  the  measurable  ca¬ 
pacity  of  the  short-circuited  second¬ 
ary  to  ground  (or  core),  and  SC,  the 
measurable  capacity  of  the  short- 
circuited  primary  to  ground  (od 
j  core). 

I  For  more  interleaving  of  primary 
and  secondary  windings,  more  elab 
orate  evaluation  of  capacitance  i; 
necessary.  This  will  be  illustrate 
below  by  the  description  of  an  actn? 
transformer  (the  pulse  shape  o: 
which  is  given  in  Fig.  6.) 

As  shown  in  Fig.  11  the  primar. 
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Fig.  12 — Vollage  gradients  along  ^  • 

windings  in  terms  of  turns  ■ 
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What  Will  the 
of  the  War 

mean  fo  your 
career? 


End 


If  you  are  wise,  you  will  realize  that  the 
lecure  future  that  erery  man  desires 
must  be  gained  by  preparing  now. 

You  will  not  wait  for  a  "lucky  break”. 
You  will  analyze  your  present  capabil- 
jtie^—dedde  where  you  will  fit  into  post¬ 
war  world  of  radio  and  industrial  elec¬ 
tronics.  You  won’t  wait  very  long  for 
you  will  realize  that  time  is  short — that 
your  future  is  now/ 

CREI  home  study  can  prepare  you  for 
the  opportunities  that  are  available  to 
every  engineer  who  wants  to  take  ad¬ 
vantage  of  them.  Our  program  of  tech¬ 
nical  study  will  bring  your  knowledge 
up-to-date  .  .  •  help  you  in  your  daily 
work,  and  develop  your  ability  to  cope 
with  any  technical  radio  problem. 

CREI  courses  are  prepared  to  fit  into 
busy  schedules.  You  can  study  a  few 
hours  a  week  without  interfering  with 
your  present  work.  In  the  years  to 
come,  you  will  remember  the  day  you 
read  this  advertisement.  So,  don’t  for¬ 
get  to  “follow-through”  now — for  this  is 
the  time  to  make  sure  that  your  prepara¬ 
tion  for  postwar  success  shall  not  be  “too 
little,  too  late”! 

One  CREI  student,  a  broadcasting  engi¬ 
neer,  rcently  wrote:  ‘7  found  your  course 
sufficiently  advanced  for  a  colleffe  grad¬ 
uate,  and  of  an  engineering  nature." 

•  WRITE  FOR  FREE  32-FAGE  BOOKLET 


If  yon  are  a  profeaaional 
radio  engineer,  let  us  prove 
the  value  of  CREI  study.  To 
help  ns  Intelligently  answer 
yonr  Inquiry,  PLEASE  STATE 

briefly  tour  back¬ 
ground  OF  EXPERIENCE. 
education  AND  PRESENT 
POSITION. 


Capitol  Radio 

engineering  institute 

E.  H.  RIETZKE,  President 
ffome  Study  Courses  in  Practical  Radio 
E^einteriug  for  Professional  Self-Improvement 

Dept.  E-8  3224_16th  Street,  N.  W. 
WASHINGTON  10,  D.  C. 

Contractors  to  the  U.  S.  Signal  Corps,  U.  S.  Nav) 
*nd  U.  S.  Cout  Guard.  Producers  of  Well-trained 
Technical  Radiomen  for  Industry. 


is  wound  in  two  layers,  interleaved 
between  three  secondary  layers.  This 
interleaving  is  done  to  reduce  leak¬ 
age  inductance.  The  secondary  wind¬ 
ing  is  wound  in  a  2-layer  “bank” 
fashion,  in  each  of  the  3  layers  above 
mentioned.  This  is  done  to  reduce  its 
own  capacitance.  The  transformer 
is  used  to  couple  a  type  2A3  tube  to 
a  pair  of  cathode-ray  tube  plates.  The 
plates  are  an  open  circuit;  hence  Rl 
would  be  infinite,  but  the  transformer 
has  sufficient  iron  loss  to  give  Rl  a 
finite  value.  The  measurable  con¬ 
stants  are: 

N,  =  112  turns  (56  per  layer) 

N,  =■  360  turns  (120  per  layer) 

R\  =»  800  ohms 
R\  ^  5000  ohms 

The  capacitance  from  secondary 
to  core  is  100  /i/xf.  The  capacitance 
(average)  between  primary  and  sec¬ 
ondary  layers  is  46  /i/xf.  Leads  1  and 
3  are  at  a-c  ground  potential.  All 
windings  are  wound  in  same  direc¬ 
tion  of  rotation,  but  the  directions  of 
traverse  are: 

'  Secondary  Section  Primary  Section 


Ist 


2nd 


3rd 


1st 


2nd 


L  to  Rt.  Rt  to  L.  L  to  Rt.  L  to  Rt.  Rt.  to  L 

Designate  these  winding  sections, 
in  the  order  above  as,  Si,  S„  S„  Pi,  P*. 
The  voltage  gradients  along  these 
windings  are  as  shown  in  Fig.  12  ex¬ 
cept  that  turns  are  used  instead  of 
volts.  This  is  permissible  since  e,/e. 
N,/N.. 

In  the  space 

between  Turn  gradient  is 

Si  and  core  0  to  N,/Z 

Si  and  Pi  0  to  N./S  -  N,/2 
Pi  and:5t  Ar./3  -  N,/2  to  2iY./3 

5i  and  P,  N./3]-  N,/2  to  2Y./3 

-N, 

P.  and  5»  2N./Z-  N,  to  N,-  N,/2 

St  and  core  2N,IZ  to  N , 

The  transformer  is  so  constructed 
that  there  is  10.3  /x/if  from  S*  to  core. 
The  secondary-to-core  capacitance  is 
mostly  Si  to  core.  The  primary  effec¬ 
tive  value  of  this  capacitance  is 
SC,/3N,*  X  (N,/Zy.  Putting  the 
C./3N,*(Ani*  -i-  An,*  -f  AniAn,).  Thus 
numerical  values  of  N,  and  N,  in  this 
expression  form  the  above  table  we 

have<12!41|M2-*  =  38,.,iffor 

the  effective  value  when  referred  to 
the  primary.  For  the  inter-winding 
spaces  we  can  use  the  equation  C.  = 
C..3Ar,*(Ai*  -f  An,*  -f  AniAn,).  Thus 
we  get  for  Si-Pi  ,  Ani  =  0 
Am-  N./Z  -  N,/2=  120  -  56  =  64  turns. 
46  X  (64)* 


Ce 


3  X  (112)’ 


=  5.0  nfJ 
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When  Vital  War  Work  STOPS 
Because  of  Slow  Deliveries 
of  RADIO  and  ELECTRONIC  Supplies 

1  ABORATORY  development  work, 
plant  maintenance  . .  in  any  one 
of  many  places.  Electronic  and  Radio 
Parts  and  Equipment  are  perform¬ 
ing  vital  functions  in  war  industries. 
And  when  new  or  replacement  sup¬ 
plies  are  needed,  they’re  usually 
needed  NOW!  Slow  deliveries  just 
“ain’t  funny”  to  the  hard  pressed 
P.  A.  fighting  to  maintain  rush  war 
production  schedules.  Aware  of  the 
need  for  SPEIED  and  complete  de¬ 
livery  of  one  or  a  hundred  different 
items,  we  have  organized  a  unique 

INDUSTRIAL  EMERGENCY 
SERVICE.  In  the  face  of  increasing 
scarcities,  it  is  giving  industry  in 
war-time  an  entirely  new  conception 
of  speed  and  efficiency  in  the  distri¬ 
bution  of  Electronic  and  Radio  Sup¬ 
plies!  Phone,  wire  or  mail  your  or¬ 
ders.  You’ll  get  your  goods  fast. 

Free  BOOK 

A  big  refFrenre  book  S  buy. 
•r's  guide  crammed  wilk 
information  on  thounandt 
of  Radio  and  t'leclronie 
parts  and  equipment.  Free 
to  Purrhaiing  Agent!  and 
other  oSciali  responsible 
for  buying  and  specifying 
in  indnitries  using  thia 
equipment.  Ask  for  it  NOW  on  company  sta¬ 
tionery,  please! 


WALKER-IIMIESON,  INC. 

311  S.  Western  Ave.,  Chicago,  III. 
Phone:  Canal  2525 
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THE  BETTER 

GLASS  BASE 
INSTANTANEOUS 


-AS  rROW  BY  IMPARTIAL  1^ 
AMWdtfTjOR  BROADCAST  ENGIN 


Two  weights -thin,  flexible  glass 
interchangeable  with  aluminum 
...  or  medium  weight.  Both  with 
two  or  four  holes  drilled  directly 
into  the  glass ...  no  metal  grom¬ 
mets;  no  inserts  to  warp  or  fall 
out.  Center-flow  thread  action. 
.Won't  age,  dry  out,  harden, 
deteriorate.  Play  'em  back  for 
months  without  any  appreciable 
loss  of  fidelity. 

GOULD-MOODY 

"BLACK  SEAL" 

GLASS  BASE  INSTANTANEOUS 

RECORDING  BLANKS 


CM  Mlumiitum  ihitks  Kectate^  wifi 
tie  "B/aek  Sea/"  farmu/a  ia  24  Fast  Hears! 

THE  GOULD-MOODY 
COMPANY 


for  Pi-St,  Ani 
Ans 


64 

N,/Z  =  240 

46  r 
3  X  (112)*  L 


for  SfPt,  Ani  =  64 

An,  =  2N./Z  -  AT  =  240*112-128 

+  64  X  128j  =  35  mm 

for  PfSt,  An,  =  128 

An,  =  N.  -N,/2’=  360^  =  304 


^,[(64)>  +  240- 
-f  64  X  24oJ  -  84  mm^ 


240-112-128 


3  X  (11?)*  L"  . 
128  X  304 


178  MMf 


for  5i-core  Ani  =  2  N,/Z  =  240 

An,  *=  N,  =  360  I 

-1-  240  X  36oJ  =  76  ^^f 

Thus,  because  of  the  high  voltage 
across  it,  the  small  S,-core  capacity 
becomes  appreciable. 

Since  the  secondary  winding  inter¬ 
venes  between  any  primary  winding 
section  and  the  core,  Ci  =  0.  C,  is  the 
sum  of  all  the  layers  C.'s  plus  C,  of 
Si-core.  It  has  already  been  referred 
to  the  primary  side  in  the  above  cal¬ 
culations,  and  hence  the  multiplier 
iN.)*/iNf)  is  unnecessary. 

Hence  (7,  =  75  -|-  38  -}-  5  -f-  84  -|- 
35  -f-  178  =  415  finf.  Adding  another 
25  /i/if  for  tube,  load  and  incidental 
capacity,  C,  =  440  /i/if.  If  it  had  been 
referred  to  the  whole  secondary  wind¬ 
ing,  this  value  would  have  been 

The  measured  value  of  capacity 
from  secondary  to  primary  and  core 
is  240  /i/if.  CTontrast  this  value  with 
42  /i/if,  and  the  importance  of  the 
above  calculations  becomes  apparent. 


TUBES  FOR  NAVY 


I  RECISION  Tube  Company 
are  proud  to  announce  expan¬ 
sion  of  their  seamless  tube 
divisionto  includefabrication 
of  nickel  tubing  to  close  toler¬ 
ances.  Sizes  available  range 
fromW'O.D.to  0.0125"0.D. 
with  any  wall  thickness.  Tub¬ 
ing  can  be  furnished  in  ran¬ 
dom  lengths  or  cut  to  exact 
size.  Your  immediate  inquiries 
are  invited. 

Make  Precision  Tube  your 
first  source  for  accurately 
drawn  seamless  brass, 
aluminum,  copper  and 
nickel  tubing. 


Eli' 


PRECISION  TUBE  COMPANY 

3828TERRACE  STREET(ZONE 28) 
PHILADELPHIA,  PA. 

SALES  DEPARTMENT; 

215-05  27th  AVENUE,  BAYSIDE,  I  I.,  N  Y. 


High-power  transmitting  tubes  for  a  mod¬ 
em  war  of  communications,  made  for  the 
U.  S.  NaTy  by  Westinghouse  Lamp 
Division 


RECORDING  BLANK  DIVISION 

395  BROADWAY  •  NEW  YORK  13,  N.  Y. 


Universal 

Equalizer 

{Continued  from  page  121) 

[0-fif  electrolytics  comprise  the  pow- 
,rp»ck  filter. 

The  response  curve  for  an  indi¬ 
vidual  selective  RC  circuit  is  given 
|g  Fig.  2.  The  value  of  the  peak  fre¬ 
quency  of  this  curve  depends  upon 
values  of  R  and  C  employed,  and 
U  determined  by  the  formula 


REPUBUC  r~A7 

OH  idol  Photograph, 
U.  S.  Army  Air  Porco 


"  2r\RiRtCiCt 

If  Ri  is  made  equal  to  R^  and  C, 
0  made  equal  to  Ci,  the  equation  be- 
;omes 


In  receivers  as  in  airplanes, 
it  is  the  margin  of  superior¬ 
ity  that  wins  victory.  Almost 
good  enough  is  no  good  at 


This  equation  shows  that  the  peak 
frequency  is  inversely  proportional  to 
lapacity,  instead  of  being  inversely 
proportional  to  the  square  root  of  ca¬ 
pacity  as  in  tuned  LC  circuits. 

Theory  of  Seloctivo  Circuit 

Each  selective  circuit  consists  of  a 
series  element  CJt^  and  a  parallel  ele¬ 
ment  CJli,  forming  a  voltage  divider 
IS  shown  in  Fig.  2.  i2,  and  are 
50,000  ohms  for  all  channels,  but 
C,  and  C,  are  equal  in  individual 
rhannels  only. 

At  low  audio  frequencies,  most  of 
the  signal  voltage  is  dropped  across 
the  series  element,  and  only  a  rela¬ 
tively  small  voltage  is 


NATIONAL  COMPANY 

MALDEN,  MASS.,  U.  S.  A. 


available 

across  R,  for  transfer  to  the  amplify¬ 
ing  portion  of  the  channel. 

At  high  audio  frequencies  (above 
4/  in  Fig.  2),  the  impedance  of  the 
f^hunt  element  is  much  lower  than 
that  of  the  series  element,  and  again 
the  voltage  across  R,  for  transfer  to 
the  amplifier  tube  is  relatively  small. 

is  decreased 


As  the  frequency 
from  a  high  value,  the  impedances 
)f  both  the  series  and  shunt  elements 
increase  but  at  different  rates.  The 
peak  response  occurs  at  the  point 
ivhere  the  two  impedances  increase 
It  the  same  rate,  for  the  two  im¬ 
pedances  are  then  increasing  at  the 
same  proportional  rate  and  giving 
a  high  constant  output  voltage  across 
K  corresponding  to  the  peak  of  the 
response  curve. 

Purformonc*  Data 

The  lowest  peak  frequency  em- 
pldvt  !  in  a  15-channeI  tonalizer  is 
23  cycles.  Successive  peaks  are  each 
hl'l'i  ximately  1.6  times  the  preced- 
value,  namely  37,  60,  96,  154,  245, 


“Or  r  .'or  n 

'"'■ooin,  ^oor 
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^  WAISCO 

CORD  SETS 

For  Microphones  —  Exten 
sions,  etc. 


WALSCO 

PLUGS,  SOCKETS 
For  Communication  Equip 
ment  MFgrs. 


wAisco 

BRAIDED  WIRE, 

THIN  CABLES 

For  Aerials — Flexible  Con' 
nections — Remote  Con 
trols. 


WALSCO 

CHEMICALS  &  ADHESIVES 
For  The  Radio  Trade. 


394,  630, 1000, 1600,  2560,  4100,  6550, 
10,300,  and  16,480  cycles.  This  gives 
considerable  overlap  of  response 
curves,  with  smooth  changes  in  re¬ 
sponse  and  with  a  maximum  possible 
variation  of  about  6  db  betweei  ad¬ 
jacent  peaks. 

When  all  16  channel  controls  are 
set  for  equal  or  maximum  gain, 
the  response  curves  combine  to  give 
essentially  flat  over-all  respon.<5{ .  as 
shown  in  Fig.  3.  Here  the  signal 
levels  are  plotted  in  db  and  cover  a 
much  greater  range  than  the  voltage 
ratios  of  Fig.  2. 

The  width  of  each  individual  re¬ 
sponse  curve  and  the  amount  of  over¬ 
lap  together  make  it  impossible  to 
cut  out  a  frequency  completely  with 
one  channel  control.  The  maximum 
possible  variation  from  one  channel 
to  the  next  is  about  5  db,  hence  es¬ 
sentially  complete  suppression  (30 
db  below  the  original  level,  from  a 
practical  standpoint)  can  be  obtained 
at  the  lowest  peak  of  23  cycles  by 
setting  the  first  six  channel  controls 
to  zero. 

The  channel  control  potentiometer 
shafts  are  each  fitted  with  a  small 
gear  pinion  engaged  with  a  segment 
of  a  large  gear  formed  integral  with 
a  small  rod.  This  rod  projects 
through  a  front  panel  which  is  en¬ 
graved  with  horizontal  (abscissa)  db 
lines  and  vertical  (ordinate)  fre¬ 
quency  lines.  The  ends  of  the  rods 
trace  points  on  a  response  curve,  and 
could  serve  as  anchor  points  for  a 
flexible  bar  which  actually  would 
take  the  shape  of  the  complete  re¬ 
sponse  curve  of  the  tonalizer. 

If  the  channel  controls  were  not 
calibrated  in  db,  the  response  curve 
could  still  be  obtained  with  one  addi¬ 
tional  run  after  the  controls  were 
set.  To  determine  response  in  this 
manner  a  db  meter  is  connected  to 
the  output  of  the  amplifier  under 
test,  with  the  tonalizer  in  the  sys¬ 
tem.  The  a-f  input  from  the  a-f 
signal  generator  is  then  varied  over 
the  frequency  range.  The  actual  db 
variations  are  then  read  on  the  meter 
and  plotted  to  secure  the  response 
curve.  Due  allowance  must,  of 
course,  be  made  if  the  amplifier  it¬ 
self  is  not  flat,  but  most  amplifiers 
are  designed  to  have  resisonably  flat 
response. 

The  tonalizer  input  and  output  im¬ 
pedance  values  can  be  considered  as 
over  50,000  ohms  for  all  practical 
purposes.  Input  voltages  in  the 
range  of  0.26  to  5  volts  will  give  the 


CRYSTALS 

EXCLUSIVELY 


EXCLUSIVELY 
FOR  WAR.  .  .  . 


Split  second  communications 
are  vital  to  offensive  action. 
Valpey  crystols  insure  reli¬ 
able  transmission  of  tactical 
orders  at  all  battle  fronts. 


THE  VALPEY  CRYSTALS 
HOLLISTON,  MASS. 
Since  1831 


PROMPT  DELIVERIES  ON 


qoocts 


WRITE  FOR  FULL 
INFORMATION 


Mo"'*® 
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maximum  output  voltage  of  10  volts 
at  all  frequencies.  The  input  level 
can  be  adjusted  with  the  input  vol¬ 
ume  control  to  prevent  overloading 
of  the  amplifier  stages  in  the  tonali- 
zer.  Shielded  input  and  output  leads, 
each  five  feet  long,  are  used. 

Many  factors  must  be  taken  into 
consideration  in  the  design  of  a 
tonalizer  in  order  to  meet  the  obvi¬ 
ous  requirement  that  it  must 
introduce  neither  frequency  nor 
waveform  distortion.  Some  of  the 
design  problems  are  discussed  in 
U.  S.  patent  2,298,987,  “Audio  Fre¬ 
quency  Signal  Transmission  Circuit”, 
issued  to  Paul  H.  Thomsen  Oct.  13, 
1942  and  covering  the  tonalizer.  Sim¬ 
plicity  of  operation  and  sufficient 
stability  to  permit  duplication  of 
control  settings  are  also  among  the 
important  requirements. — J.  M. 


TRANSFORMERS  THAT 

FIGHT 

BATTLES 

- AND - 

BDEAK 

PRODUCTION 

BOTTLE-NECKS 


On  tliN  froNta  of  flio  world  Aemo  Troos- 

foriNors  mrm  9hriN9  a  good  cKcooot  of  fhoanolvos. 
If  yoN,  foo.  aood  troNsforiNor*  fiMt  oro  b«1lf  to 
moot  oNiorgoNcy  porformoNCo  boyood  tho  ro* 
I  quIrowioNfi  of  tho  oppIleatloN,  thoa  got  la  toach 
I  with  AeaM  Eloetric  troatforiaar  oagiaoort. 


Soalod-cato  transformors  for  air-borno  communi¬ 
cation  aquipmont.  Tha«a  transformors  succassfully 
withstand  climatic  and  tamporatura  conditions  of 
the  stoaming  tropics  or  the  intenso  cold  of  tho 
40,000  ft.  altitude. 


High  voltage 
plate  .supply 
transformer 
for  transmit¬ 
ter,  33,000 
volt,  1.8  am- 
para  secon¬ 
dary,  230  volt, 
60  cycle  pri¬ 
mary. 


AorriQj^B^C  Lzvct 


ric 


\ 

Me*,  u.  a.  PAT.  err.  > 

CERAM/C  RBSfSrOKS  I 

Be  sure  your  circuit  actually  requires 
dose  tolerance  resistors  before  you  | 
specify  them 

Ceramic  or  composition  type  re¬ 
sistors  are  not  normally  supplied  as 
precision  devices.  So  please  specify  re¬ 
sistance  tolerances  as  wide  as  possible  so 
that  production  facilities  may  be  made  to 
yield  maximum  quantities  of  acceptable 
resistors.  To  do  otherwise,  lowers  produc¬ 
tion,  slows  deliveries,  wastes  critical 
materials. 

Production  facilities  for  Globar  Brand 
Ceramic  Type  Resistors  are  being  utilized 
to  the  utmost  to  maintain  deliveries  to  the 
most  essential  Electronic  needs.  When  the 
present  crisis  has  passed  we  will  be  able  to  I 
serve  those  industries  whose  needs  at  the  I 
moment  must  be  subordinated  to  the  war 
effort.  i 

Today  when  demands  upon  us  are  heavy  ■ 
and  deliveries  are  scheduled  according  to 
priority  and  date  of  order,  your  indulgence  j 
is  appreciated.  We  pledge  our  untiring  ! 
efforts  to  those  who  have  come  to  depend 
upon  us  as  well  as  others  who  may  need  ^ 
our  help.  ^ 

Below  is  a  condensed  table  of  specifica¬ 
tions  of  the  more  commonly  used  types  of  ! 
Globar  Brand  Resistors.  Resistors  having 
special  characteristics  are  also  available. 


TYK 

A 

• 

a 

UNGTH 

Win. 

V4' 

w 

V4 

Max. 

II  i  11' 

11' 

DIAMETtt 

Min. 

•ic' 

•if' 

Vu' 

Mox. 

r 

r 

r 

IISISTANCt 

PsrMiefleagtli 

Min. 

Mox. 

IS  olnns 

S  nlnm 

1  ohm 

IS  nugolnns 

IS  meselK!! 

100  ohoH 

*OVI«AU 
wan  RATING 

Max. 

S4  wofts 

S4  wnttf 

ISO  wollt 

'NORMAL  RATING 
W.  Sq.  I«.  ef 
Rodifltmq  StiHocs 

1  woft 

1  won 

Vk  worn 

RUXIMUM 
VOlTAGf 
Ptrlnckef  lenqtli 

400  V. 

400  V. 

**Nolt 

*These^  ratings  may  be  substantially 

increased  by  artificial  cooling.  j 

OtAUCTERtSTK  COEfRCIINTS;  | 

TYFC  A:  Comparatively  Straifht  Line  Temperature  and  I 

Voltaqe.  j 

TYPE  B:  Nefative  Temperature  and  Voltage. 

TYPE  CX:  Slightly  Poaitive  Temperature. 

Other  resistor  types  are  available  for  specialised  applications  | 

TEIMINAIS:  Metahred  ends  for  clip  mounting  or  wve  leads. 

Type  CX  resistors  hav*e  a  low  specific  resistance  and  cannot 
be  subjected  to  voltage  stresses  permissible  with  Types  A  and 

B  Maximum  allowable  voltage  is  that  required  to  yield 
maximum  watt  rating. 

Globar  Division 


THE  CARBORUNDUM  COMPANY 

Re«.  u.  •.  PAT.  OPP. 

NIAGARA  FALLS,  N.Y. 

(r.arbonindum  and  Globar  arc  re|;i8tered  trade-markt  of 
and  indiratr  nianufacturr  hy  Tbc  (Carborundum  (Company^ 
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Particles  of 
Physics 

(Continued  from  page  126) 

tides  have  not  even  been  approached. 

Properties  of  ElemoRtary  Particles 

Now  that  we  have  discussed  some 
of  the  properties  of  the  fundamental 
particles  known  to  exist  in  nature  it 
might  be  well  to  summarize  these. 
Properties  of  the  several  particles 
are  shown  in  Table  I.  It  will  be  noted 
that  all  charged  particles  produce 
tracks  in  a  cloud  chamber.  The  pho¬ 
ton  and  the  neutron,  which  have  no 
charge,  do  not.  These  two  particles 
do  not  produce  ionization  along  their 
paths.  All  electrical  charges  indi¬ 
cated  in  the  table  are  given  in  terms 
of  the  electron  as  a  unit.  Except  for 
the  photon  all  masses  are  given  on 
the  physical  atomic  weight  scale  for 
which  the  most  abundant  isotope  of 
oxygen  is  arbitrarily  given  a  mass 
exactly  16.  The  equivalent  mass  of 
the  photon  depends  upon  the  fre¬ 
quency;  it  is  hv/c*  where  c  is  the  ve¬ 
locity  of  light.  The  relative  pene¬ 
trating  powers  and  the  relative 
abundances  should  not  be  taken  too 
literally.  Any  particle  can  have  a  low 
or  a  high  energy.  A  high  energy 
proton  would  be  more  penetrating 
than  a  very  low  energy  electron.  The 
relative  penetrating  powers  indicated 
in  the  table  are  what  we  expect  when 
dealing  with  particles  of  essentially 
equal  energies.  Likewise  the  abund¬ 
ance  of  free  particles  depends  upon 
conditions,  and  the  values  indicated 
represent  only  average  conditions. 

One  somewhat  familiar  with  the 
particles  of  modern  physics  might 
wonder  why  still  another  particle  has 
not  been  listed  in  the  table.  In  at¬ 
tempting  to  interpret  certain  as¬ 
pects  of  radioactivity,  both  natural 
and  artificial,  it  seems  necessary  to 
assume  the  existence  of  a  particle 
which  is  called  the  neutrino.  It  cer¬ 
tainly  has  no  charge,  for  it  leaves  no 
track  in  the  cloud  chamber ;  and  it  is 
supposed  to  have  an  extremely  small 
mass.  There  are  several  experiments 
which  seem  to  show  that  such  a  par¬ 
ticle  exists,  but  they  are  not  as  direct 
as  we  might  wish.  Although  the 
neutrino  probably  does  exist,  it  is  by 
no  means  as  certain  as  are  the  par¬ 
ticles  listed  in  the  table.  I  have 
omitted  it  because  we  are  not  certain. 
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IN  ACTION.  Atlas  Sound  Equipment  U  a 
roal  stond-by  .  .  .  tostod.  proven,  de 
pondobU.  In  all  wootbor.  under  adverH 
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R0re  Gases  and  Mixtum 


Airco  Rare  Gases  ste  pure  and  free 
of  active  gases,  tfixliires  are  blended 
uniformly  and  pecarately.  They  are 
available  in  Igad,  I  glass  or  pyrex 
containers. 

The  indivtda^  gases  as  well  as 
many  standard,  mixtures  are  avail¬ 
able  both  for  production  and  ex¬ 
perimental  usiV^pecial  mixtures 
can  be  suppIieMla  meet  any  need. 
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Cembiaatioiit  of  Elomoatory  Portielot 

One  often  hears  mentioned  other 

t, articles  also,  particles  which  most 
ertainly  do  exist.  There  is,  for  ex- 
mple,  the  deuteron.  This  is  a  heavy 
hydrogen  nucleus;  it  has  a  mass  2 
§ind  a  charge  +1.  There  is  also  the 
Ipha  particle,  one  of  the  particles 
(ejected  by  many  radioactive  mate- 
Eial.s  as  they  disintegrate.  This  is  a 
Kelium  nucleus ;  it  has  a  mass  4  and 
%  charge  +2.  These  and  other  heav¬ 
ier  atomic  nuclei  certainly  exist.  We 
ften  work  with  high  speed  deu- 
^crons  and  alpha  particles  in  the  lab- 
,1’atory.  They  have  not  been  included 
n  the  table  because  they  are  only 
L>mbinations  of  protons  and  neu- 
Itrons.  The  deuteron  is  made  from 
ne  proton  and  one  neutron ;  the  alpha 
larticle  is  made  from  two  protons 
and  two  neutrons.  Other  heavier 
nuclei  consist  of  greater,  and  usually 
not  equal,  numbers  of  protons  and 
neutrons. 


Holt  of  CycletreR  aad  Voa  d«  GraafF 
G«R«rater 

Development  of  the  Van  de  Graaff 
machine  and  of  the  cyclotron  approx- 
mately  10  years  ago  has  allowed  us 
to  learn  a  great  deal  concerning  the 
-tructure  of  nuclei,  the  artificial  dis¬ 
integration  of  the  elements,  and  the 
.(inversion  of  mass  into  energy.  Both 
of  these  pieces  of  apparatus  are  de¬ 
signed  for  the  purpose  of  giving  ex¬ 
tremely  high  energies  to  light  atomic 
nuclei,  protons,  deuterons  and  alpha 
particles.  Protons  with  8  to  10  mil¬ 
lion  electron-volts  have  been  pro¬ 
duced  with  the  cyclotron.  Deuterons 
with  15  to  20  million  electron-volts 
have  been  produced.  The  same  cyclo¬ 
tron  is  capable  of  producing  alpha 
particles  with  35  to  40  million  elec- 
ti.iii-volts  energy.  Although^neither 
the  Van  de  Graaff  machine  nor  the 
cyclotron  is  suitable  for  giving  elec- 
tr(in>  high  energies,  a  third  instru¬ 
ment  called  the  betatron,  and  devel¬ 
oped  very  recently  by  Kerst,  is  cap¬ 
able  of  giving  electrons  an  energy  of 
2'*  million  electron-volts.  None  of 
ihes‘  instruments  can  produce  high 
nergy  neutrons  directly,  for  the 
neutron  has  no  charge.  High  energy 
lu  itrons  can  be  produced  indirectly, 
h  'wever,  by  bombarding  certain  ma¬ 
tt  rials  with  protons,  deuterons  or  al- 
h  1  particles.  The  bombarded  mate- 
mi  ejects  neutrons. 

'Ve  can  now  disintegrate  almost 
«ny  of  the  known  elements,  actually 
t' rn  them  into  other  atoms.  This 
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CLEVELAND,  OHIO 


cCocfi^  t^cOt  VICTORY 


In  the  middle  of  the  fight, 
on  hattlefronts  all  over  the 
world,  American  radio  equip¬ 
ment  is  doing  its  part  nobly. 
Speedy  communications  are 
helping  us  carry  the  battle 
to  the  enemy  today.  And 
there,  where  dependability 
is  most  vital,  BUD  con¬ 
densers  and  other  BUD  pre¬ 
cision  radio  parts  are  prov¬ 
ing  their  real  worth  under 
fire. 


After  attaining  leadership  in  the  phono- 
graph  field  over  a  period  of  30  years,  G.  I. 
^  small-power  motors  ore  now  being  produced 
entirely  for  Victory,  together  with  electronic  and  other 
precision-made  devices.  All  ore  characterized  by  correct 
design,  quality  materials  and  accurate  machining.  Manu¬ 
facturers  engaged  in  war  production  will  find  it  to  their 
advantage  to  submit  their  specifications  and  enlist  the 
cooperation  of  G.  I.  enqpneers. 


THE  GENERAL  INDUSTRIES  CO. 

Il||-f — a  -  ELYRIA,  OHIO 


disintegration  is  accomplished  Li 
bombarding  the  element  with  pir, 
tons,  deuterons,  alpha  particles,  neu 
trons  or  photons.  Some  atoms  ran  b 
changed  into  any  one  of  a  number  o 
different  atoms.  For  example,  aluir. 
inum  of  atomic  weight  27  ran  bi 
made  into  seven  different  things 


kinds  of  magnesium,  sodium,  o 
aluminum  of  atomic  weight  28.  Siir. 
ilarly,  a  given  atom  can  often  h 
made  in  several  different  ways.  Alu 
minum  of  atomic  weight  28  is  ai 
example.  This  can  be  made  in  llv 
different  ways,  starting  with  mag 
nesium,  silicon,  phosphorus,  or  alu 
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Just  think — all  under  one  roof — one  requisition, 
order,  report,  voucher,  file,  etc. — plus  our  tech¬ 
nical  soles  experience.  large  diversified 

stock  enables  us  to  save  you  weeks  or  months 
of  delivery  time. 

Since  1925  Harrison  has  been  the  recognized 
Headquarters  for  Electronic  Parts  and  Equip¬ 
ment. 

Write,  phone  or  wire  for  Prompt,  Efficient 
Service. 
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FREE 
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Nethieg  So  Practical  as  a  Good  Tktor 

Before  closing  I  should  like  t( 
bring  out  more  clearly  just  how  cer 
tainly  we  know  that  mass  and  energ) 
are  interchangeable.  It  was  pre 
dieted  theoretically  some  years  ag( 
that  they  should  be  interchangeable 
and  there  was  predicted  a  definib 
amount  of  energy  that  would  appeal 
for  every  gram  of  mass  destroyed.  II 
mass  and  energy  are  interchangeable 
as  one  expects  theoretically,  then  in 
the  disintegration  of  any  material 
there  should  appear  931  million  elec¬ 
tron-volts  energy  for  every  atom  dis¬ 
integrating  when  the  disintegration 
produl^s  a  loss  of  one  unit  in  atomic 
weight.  Let  us  consider  a  particular 
example.  When  lithium  of  atomic 
weight  7.01822  is  bombarded  with 
high  energy  hydrogen  nuclei  (pr  ■ 
tons)  of  atomic  weight  1.00818,  the 
lithium  nucleus  absorbs  the  prutun 
and  then  splits  into  two  helium 
nuclei.  Helium  has  an  atomic  weight 
4.00891.  We  actually  observe  in  the 
cloud  chamber  tracks  of  the  two 
helium  nuclei  as  they  fly  off  at  hignj 
speed  from  the  point  of  disintegra¬ 
tion.  The  combined  mass  of  the  two 
particles  with  which  we  started 
(7.01822  -h  1.00813)  is  8.02635.  The 
combined  mass  of  the  two  particl - 
resulting  from  the  disintegrati' t, 
(4.00391  +  4.00391)  is  8.00782.  Thoe 
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if  Tho  "chug-chug"  ongraving 
method  of  marking  plastic  parts  has 
seen  its  best  days.  Now,  the  swing 
is  to  Rogan's  faster,  exclusive  method 
of  BRANDING  in  Deep  Relief  .  .  . 
ofRdally  approved  as  the  equal  of 
engraving. 


Countless  big  war  contractors  have  found  that  Rogan 
Deep  Relief  Branding  speeds  up  the  production  of  vital 
plastic  parts  .  .  .  cuts  their  costs  and  helps  meet  delivery 

The  famous  Azimuth  Navigation  Dial  shown  at  left,  is 
a  typical  example  of  how  Rogan  can  meet  rigid  specifi- 
cations.  And  too,  this  is  an  exclusive  Rogan  Branding  job. 

Accurate  graduations,  lettering,  designs  or  markings 
of  any  kind,  can  be  branded  into  plastic  parts  of  any 
material,  of  every  size  and  shape  .  .  .  permanently. 

Got  detalle  oa  Rogaa’t  Comblaatioa  Molding  and  Braadlog  Sorvico 


ROGAN  BROTHERS 

2003  S.  Michigan  Ave.  Chicago.  Illinois 
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there  has  been  a  loss  of  0.01853  mass 
units  in  atomic  weight.  If  this  mass 
has  been  turned  into  energy  there 
should  appear  931  x  0.0153  =  17.25 
million  electron-volts  energy  for  each 
stow  which  disintegrates.  Now  we 
can  measure  experimentally  the  en¬ 
ergy  of  the  bombarding  proton  and 
the  energies  with  which  the  two 
helium  nuclei  fly  off.  We  actually  find 
that  the  helium  nuclei  have  17.28 
million  electron-volts  more  kinetic 
energy  than  the  incident  proton, 
^ere  has  this  energy  come  from? 

It  is  almost  exactly  that  which  would 
result  from  the  loss  of  mass.  The  in¬ 
ference  is  strong  that  this  mass  has 
been  turned  into  energy. 

One  might  quote  dozens  of  exam¬ 
ples  similar  to  the  above.  In  some 
disintegrations  there  is  a  loss  of  mass' 
and  a  gain  in  energy.  In  others  there 
is  a  gain  in  mass  and  a  loss  in  en¬ 
ergy.  In  every  case  the  gain  or  loss 
of  energy  can  be  accounted  for  al¬ 
most  exactly  by  the  loss  or  gain  in 
mass.  All  of  these  experiments  make 
certain  the  fact  that  mass  can  be 
turned  into  energy,  or  energy  into 
mass.  We  all  recognize  that  heat  can 
be  turned  into  mechanical  work,  or 
work  into  heat.  We  do  it  every  day 
on  a  large  scale.  Heat  is  just  another 
form  of  energy.  It  is  equally  certain 
that  mass  and  energy  are  inter¬ 
changeable;  mass  is  just  another 
form  of  energy.  It  is  true  that  we 
have  so  far  not  succeeded  in  con¬ 
verting  mass  into  energy  on  a  large 
scale.  Perhaps  we  shall  some  day. 
If  we  ever  do,  we  shall  have  avail¬ 
able  a  very  concentrated  source  of 
energy.  If  it  could  ail  be  converted 
nto  energy,  a  small  mass  which  could 
be  carried  in  the  hand  would  provide 
ati(,nH*''fl^<‘ient  energy  to  run  a  large  bat- 
‘Vship  across  the  ocean. 

We  can  make  artificial  radioactive 
mteriais  for  medical  purposes.  A 
imber  of  artificially  produced  atoms 
are  used  for  important  studies  of 
[plant  and  animal  growth.  A  great 
^eal  of  money  is  being  spent  to  fur- 
knowledge  and  application  of  the 
u version  of  mass  into  energy.  Who 
uld  have  foreseen  thirty  years  ago 
ilhat  the  basic  knowledge  we  had 
nined  in  electronics  would  ever  lead 
|o  the  important  applications  it  now 
in  radio,  television  and  numerous 
■thei  everyday  appliances?  Perhaps 
no  living  thirty  years  from  now  will 
f^arv  1  also  at  many  still  newer  de- 
”  ents  of  which  we  at  present 
can  only  speculate. 
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fotto*  —  Ifiojo  olocironk  componontt  art  tnginoorod  *o  moot  ovory 
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Tho  wtahfi  of  tiptritnet  pmviovsly  gained  ovor  tfio  ytors  it  standing 
tho  DANIB.  KONDAKJIAN  organisation  in  good  stood  now  wfion  it  it 
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importance  in  tho  adjustment  and  reconstruction  of  peocctimo  proetkes. 
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37  WRIGHT  STRfET,  NEWARK,  NEW  JERSEY 


275 


Aviation  Radio 
Prospects 

(Continued  from  page  89) 


Dependable  Performance 


have  little  gas  to  spare.  Further 
more,  a  homing  signal  doesn’t  tel 
the  pilot  how  far  off -course  he  is  fly 
ing  and  several  of  them  operating  ii 
one  locality  could  easily  confuse  i 
flier  attempting  to  find  one  speeifi 
field. 

The  author  believes  that  even  smal 
airports  must  furnish  more  positiv 
means  of  navigation  and  that  trans 
mitters  installed  for  this  purpos 
should  later  be  useful  in  establishinj 
“stepping-stones”  for  short  hops  be 
tween  such  airports.  A  chain  o 
small  fields  with  adequate  radio  facil 
ities  might  thus  constitute  a  civiliai 
air-highway  across  a  State,  or  fron 
one  State  to  another. 

It  is  possible  that  it  may  be  desir 
able  to  use  a  compact  range  tran> 
mitter  employing  FM  and  providinj 
a  field-pattern  somewhat  similar  t 
that  of  the  conventional  A-N  rang 
transmitter,  while  using  a  separate 
band-switched  AM  transmitter  o 
other  frequencies  for  airport  contru 
and  calling  services. 

Certainly  even  small  civilian  air 
ports  should  have  a  multi-channel  re 
ceiver  of  the  type  currently  used  b; 
the  airlines,  capable  of  simultan 
eously  monitoring  two  or  three  char 
nels,  and  a  tunable  receiver  for  re 
ceiving  weather  reports  and  monitor 
ing  distress  and  itinerant  callini 
channels. 

This  is  the  future’s 
equipment. 

REFERENCES 

(1)  Henney,  K.,  “Radio  Engli 
book”,  McGraw-Hill  Book  Co., 

(2)  Sandretto,  P.  C.,  “Princl 
nautical  Enaineerlng”,  McGrt 
Co.,  New  York. 
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unstandardized  replacement  pur 
for  the  many  existing  receivers. 


COTTRELL  PAPER  CO 


Solos  OfRce:  FALL  RIVER,  MASS. 


factory;  ROCK  CITY  FALLS,  N.  Y, 


ELECTROISit 


frora 


Write  lor  list  of  stock  alloys 

SIGMUND  COHN  &  CO. 

44  GOLD  ST.  J  NEW  YORK 
SINCE  1901 
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BAKELITE  FABRICATION 
BASED  ON  EXPERIENCE 

There  are  no  handbooks  in  the 
iabricating  business.  Only  years  of 
experience  can  give  that  added  touch 
—sharpening  a  cutter-  designing  a 
tool  for  the  type  of  work  you  expect. 

All  parts  that  can  be  fabricated  from 
laminated  sheets,  rods,  or  tubes,  are 
available.  Twenty  years  of  experience 
ot  your  service. 

Write  us,  or  phone  us,  and  we  will 
have  an  engineer  call  on  you  for 
consiiftation. 

EIECIRICAL  insulation  CO.,  INC. 

u  VESTRY  ST.,  NEW  YORK  CITY 

Shwts.  Kod(,  and  Tubet  Fabricated  Parts 
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A-C  Amplifiers 

{Continued  from  page  96) 

To  use  the  chart  of  Fig,  3,  it  is 
necessary  to  determine  the  scales  for 
the  chart.  The  load  voltage  on  the 
abscissa  is  found  by  multiplying  the 
scale  factor  K,  by  This  gives  us 
a  new  voltage  scale  for  the  abscissa, 
representing  the  voltage  across  the 
load,  El. 

To  find  the  scale  for  the  ordinate, 

/,  we  must  determine  /„  the  current 
which  would  flow  when  no  grid  bias 
is  applied,  when  the  plate  voltage  is 
zero,  and  when  the  screen  voltage  is 
at  its  operating  value.  If  the  tube 
characteristic  curves  are  available, 
we  can  determine  this  current  (for 
the  screen  voltage  for  which  the 
curves  are  plotted)  by  extending  the 
linear  portion  of  the  =  0  curve 
to  the  left  axis  for  which  E,  =  0. 

If  we  make  use  of  the  published 
ratings  of  the  6G6  used  as  a  pentode, 
we  see  that  for  plate  and  screen  vol¬ 
tage  of  135  volts  and  a  control  grid 
bias  of  —6  volts,  the  plate  current  is 
11.5  milliamperes.  To  obtain  oper¬ 
ating  conditions  for  a  115-volt  sup¬ 
ply,  it  is  necessary  to  assume  that 
the  pentode  characteristics  are  hori¬ 
zontal,  and  equally  spaced;  this  is  a 
good  assumption  for  our  purpose.  If 
we  assume  the  plate  current  is  inde¬ 
pendent  of  plate  voltage,  we  can  say 
as  an  approximation  that  11.5  mil¬ 
liamperes  of  plate  current  flows  at 
zero  plate  voltage,  when  the  screen 
voltage  is  135  volts  and  the  control 
grid  voltage  is  —6  volts.*  The  plate 
current  at  zero  control  grid  voltage 
can  then  be  calculated  as  11.5  + 
fir«A£'„  where  g„  is  the  published 
transconductance  and  AE,  is  the 
change  in  grid  voltage,  in  this  case 
from  —6  or  -H  6  volts.  Thus,  the 
plate  current  at  zero  control  grid 
I  voltage  is 

!  I,  =  11.5  X  10-*  -I-  2100  X  10-«  x;6  =  ’'■Zi 

1  [I  ,24.1  X  10-*  =  24.1  ma. 

j  If  a  value  of  screen  voltage  different 
;  from  that  for  which  the  tube  data 
is  given  is  to  be  used,  the  current 
I,  will  have  to  be  modified  to  take 
account  of  the  new  screen  grid 
;  voltage.  If  E,/  is  the  actual  screen 
j  grid  voltage  and  E„  is  the  screen 
grid  voltage  for  which  the  tube  data 
applies,  the  desired  current  is  /,  = 

•  This  fictitious  plate  current  is  deterniiiieil 
by  extrapolating  the  curves  of  saturntion  to 
the  zero  plate  voltage  abscissa.  It  Is  a  value 
which  Is  convenient  for  purposes  of  calcula¬ 
tion  rather  than  a  value  actually  encotintcrisl 
in  tube  operation. 
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Tboasandt  in  as*  on  Radio 
TraRsmitiors  ood  Roeflfieri 
terviag  all  froRti. 

Tbay  moot  tka  rigid  tampara- 
taro  and  vibration  spoeifica- 
tiont  and  aro  economical  in 
space  requirements. 


Type  TD1 

flush  mouting 
back  connected 


Bulletin  No.  700 


Type  TD  2 

surface 
mounting 
back  or  front 
connection 

Bulletin  No.  700-1 


Type  TD  4 

Moisture  Proof 
Front 

connected 

Bulletin  No.  700-2 
also 

Elapsed  Time  Meters 


These  meters  are  for  panel 
mounting.  They  are  essential 
to  check  tube  life. 

Bulletin  No.  3500 
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FULL  SPEED 
AHEAD  on  NEW 
OBJECTIVES! 


OSieial 
V.  S. 
Sava 
Photo 


BELL  Mas  quirk  to  get  under  way 
ill  prudueiiig  electronic  equipment 
to  meet  new  wartime  demands — be¬ 
cause  they  were  prepared. 

From  the  time  electronics  first 
showed  promise  of  bi'ing  a  useful 
commercial  tool,  BELL  engineers 
have  kept  abreast  of,  and  contrib¬ 
uted  to.  its  developments.  Research, 
experiment,  and  experience  had 
made  BELL  a  reliable  source  for 
electronic  engineering  and  equip- 
niiMit  of  the  most  advanced  types. 

This  aggressive  attitude  and  action 
is  a  continuing  thing  at  Bell  Sound 
Systems,  Inc.  It  is  your  assurance 
that  BELL  will  he  a  leading  name 
in  peacetime  electronics,  too. 


DELL  VOICE 
PAGING  SYSTEMS 


The  first,  complete 
system  of  standard 
units  designed  for 
industrial  needs. 
Permits  rich,  clear 
vocal  paging,  plus 
broadcasting  of 
talks,  time  or  alarm 
signals,  or  recorded 
music.  Meets  every 
need;  adjusts  to  all 
noise  levels.  Write 
for  details  on  BELL 
Industrial  Voice 
Paging  Equipment. 


IrE,//E.,.  In  our  particular  case 
/.  =  24.1(115/135)  -  20.53  ma 
This  current,  I„  multiplied  by  the 
scale  factor,  /,  gives  the  load  current, 
h.  Whereas  we  ordinarily  find  the 
third  or  E,  scale  graphically,  it  is 
necessary  to  make  some  assumptions 
as  to  the  characteristics  of  the  tube 
in  the  absence  of  static  curves.  The 
chart  of  Fig.  3  gives  grid  bias  values 
necessary  to  cause  a  10  percent  re¬ 
duction  in  plate  current  For  this 
reason  it  is  necessary  to  determine 
the  bias  necessary  to  reduce  the  plate 
current  to  90  percent  of  its  value  at 
E,  =  0.  If  the  value  of  /,  is  put  in 
the  equation  E,  =  and  the  dif¬ 
ference  in  E,  between  /,  =  20.63  ma. 
and  0.9/,  =  0.9x20.53  =  18.5  ma  is 


ts^uArehbkir^ 
^vii.  Cfj  into  Tliese 

F^/dHsTh.  ^ 


The  SpeedWay  organization  is  tuned  to  war 
tempo,  is  tooled  to  war  quantities  and  ready 
to  '^deliyer  the  goods*’  where  war  demands 
that  extra  performance. 

Among  SpeedWay  produca  are  SpeedWay 
motors  (from  1/300  to  1/3  h.p.,  A.C.,  D.C., 
Universal,  Cl  ‘  ^ 

With  oyer  30 

mMor  driven  devices  Spe^Way  can  providt 
standard  or  special  motors  to  meet  your  re¬ 
quirements  and  Army  or  Navy  specifications. 

Submit  your  ftrobltmt  for  SprrdWmy 
TtcommtndaitoMs  and  nnotutiom. 


Direct-drive  or  Badt  Geared). 

_ _ _ _  years  of  specialization  in  de¬ 
sign  and  manufacture  of  electric  motors  and  t 


SPEEDWAY  MANUFACTURING  CO. 

1848  S.  52nd  Avenne  Cicero,  llllreh 


ALLOYS 


ELECTRONIC  APPLICATIONS 


RESISTANCE  WIRE  for 
FIXED  and  VARIABLE 
RESISTORS 


nicnrvms-  ang  nicnremg  v,  ing 
nickel  ehromiuBi  alloys,  are  the  Materials  used 
most  often  for  variable  resistors  whsre  hi|h 
electrieal  resistance  makes  them  Indlssensibls. 
If  preeislon  temperature  coefflcient  of  resist¬ 
ance  or  thermal  E.  M.  F.  le  invelved.  It  is 
suggested  that  the  0-H  Alloys,  Advance*  er 
Manganin,  be  useil. 

Remember,  more  resistors  are  made  of  “Ni- 
chrome’’*  than  any  other  alloy. 


fount  I 
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acktalk 


} 

This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronic  industry  or 
comment  on  articles 
which  ELECTRONICS 
has  published 


ii'Tii  ives  to  Inventors  | 

♦ 

I  HAVE  BEEN  MEANING  to  write  to 
lu  for  some  time,  especially  since 
itfing  one  of  your  articles  in 
'lECTRONics  on  suggested  changes 
n  our  patent  system. 

In  most  of  the  cases  the  argu¬ 
ment  seems  to  revolve  around  the 
■'-int  that  inventions  are  made 
irimarily  because  the  inventor  works 
der  a  certain  incentive  to  do  so, 
pecially  in  the  expectation  of  a 
erUin  great  or  small  material  re¬ 
gard.  I  think  anybody  who  is  fa- 
nilar  with  the  industrial  setup  will 
ell  you  that  this  argument  is  en- 
irely  beside  the  point.  I  do  not  think 
hat  in  modem  times  any  important 
nvention  was  made  or  initiated  be- 
aiise  the  man  who  invented  it  set 
)'jt  to  make  an  invention  in  order  to 
^^ake  money.  Inventions  come  about 
ecause  a  certain  problem  arises  in 
1  scientific  or  industrial  field  and  it 
s  the  character  of  research  that  a 
•dution  must  and  will  be  found  for 
t,  irrespective  of  whether  or  not  ob- 
ainiriK  that  solution  is  accompanied 
y  some  material  advantage  to  the 
bne  who  contributes  that  solution. 

I  think  the  best  proof  of  my  argu- 
frent  is  that  in  all  industrial  labora¬ 
tories  all  inventions  are  assigned 
lieain  -t  a  nominal  value — usually  one 
^  liar  -unless  some  other  arrange¬ 
ments  were  made,  which  to  my 
[riuwiedge  is  rather  the  exception, 
^nd  still  all  the  laboratories  over  the 
f  iintry  keep  on  inventing,  which  ac- 
^rdi’g  to  the  theory  that  an  in- 
Ntive  is  required  for  the  invention 
such,  should  not  be  possible  at  all. 
It  seems  to  me  that  there  is  some 
fintusion  in  mixing  up  the  incentive 
f'T  the  invention  with  the  required 
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Dim  LIGHT  CO.  OF  mOERICR,  Inc. 

90  WEST  STREET  -NEW  YORK  I6l,  N.  Y. 


7^  BOOK 

Bvm 

miHBBR 

SHOULP 

I  havbT 


DIALCO  Catalog 

OF  WARNING  &  SIGNAL 

PILOT  LIGHT  ASSEMBLIES 


24  pages  ol  valuable  data  on  the  most 
extensive  hne'oi  Warning  &  Sgnol  Pilot 
Light  AssembHes  —  comj^etely  covering 
an  Electrical,  Beetrozuc.  Radio,  Marine 
ond  Industrial  ccppUcotions. 

An  indispensable  guide  im  Engineers, 
Technicians,  and  Purchasing  Agents. 


Write  For  your  copy,  on  company  lefterJiead.  iodayl 


WAXES  •  COMPOUNDS  for 

ELECTRICAL  INSULATION 

Zophar  offers  prompt  service  on  Insulating  Compounds  for 
a  wide  variety  of  electrical  applications,  including: 

.  .  .  insulation  for  CONDENSERS.  TRANSFORMERS.  COILS  power 
packs,  pot  heads,  sockets,  wiring  devices,  wet  end  dry  batteries,  etc. 

Also  WAX  SATURATORS  for  braided  wire  and  tape.  WAXES  for 
radio  parts. 

Special  compounds  made  to  your  order. 


ZOPHAR  MILLS  INC. 


130.26th  St.  Brooklyn,  N.  Y. 

FOUNDED  IE4S 


r 


If  You  Are  Having  Difficulty 
Maintaining  Your  Mailing  Lists . 

Probably  no  othor  organization  Is  as  wall  oquippod  as 
McGraw-Hill  to  solve  tho  compileatod  problam  of  list 
maintonanco  during  this  parlod  of  unparalUlod  change 
In  Industrial  personnel. 

McGraw-Hill  Mailing  Lists  covar  most  major  Indus¬ 
tries.  They  are  compiled  from  exclusive  sources,  and 
are  based  on  hundreds  of  thousands  of  mall  quastlon- 
naires  and  tho  roports  of  a  nation-wldo  flald  staff.  All 
names  are  guaranteed  accurate  within  2%. 

When  planning  your  direct  mail  advertising  and  salas 
promotion,  consider  this  unique  and  economical  sarvica 
in  rolation  to  your  product.  Details  on  request. 


McGraw-Hill  Publishing  Co.,  Inc. 

DIRECT  MAIL  DIVISION 

330  West  42nd  Street  New  York,  New  York 
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help  to  commercialize  the  inveutio* 
Any  invention  will  be  successful  orj 
if  the  contribution  answers  a  cer 
tain  social  necessity.  If  it  is  not  in 
portant  enough  for  Society  to  pro 
vide  the  necessary  means  to  put  th 
invention  into  actual  practice,  n 
outside  help  will  be  able  to  do  so. 

Eugene  Mittelm  vnn 

Consulting  £ 
Illinois  Tool  Z 


FUSED  QUARTZ  INSULATORS 
AS  USED  IN  ELECTRONIC  TUBES 


Three-Trace 
Cathode-ray  Tubes 

You  PROBABLY  KNOW  of  the  ditlieul 
ties  which  research  men  have  had  ii 
obtaining  multiple-trace  cathode 
ray  tubes'  The  Western  Electric  Co 
is  no  longer  building  three-trac 
tubes,  and  they  are  not  being  manu 
factored  by  any  other  company  ti 
my  knowledge.  There  is  a  possibilitj 
that  if  there  is  enough  demand  foi 
the  330-C  or  a  closely  similar  tube 
their  manufacture  will  be  undt  rtakei 
by  a  Chicago  corporation  now  mak 
ing  mostly  12-inch  television  tubes 
The  undersigned  would  appreciati 
hearing  from  anyone  who  needs  i 
tube  for  replacement  or  original  us( 
in  war  research,  giving  priorities  anc 
stating  how  many  tubes  would  b< 
wanted. 

W.  E.  Gilson,  M.D,, 

Department  of  Phi/ainh^ 

The  University  of  Madhl; 

Madison, 


HIGH  SURFACE  RESISTANCE 
AT  ELEVATED  TEMPERATURES 
NON-HYGROSCOPIC 
NOT  SUBJECT  TO  THERMAL  SHOCK 
FABRICATED  TO  REQUIRED  SHAPE 


QUARTZ  MERCURY  ARC  LAMPS 
BLACK  LIGHT  EQUIPMENT 


CHEM. 
&  MFG 


Typ*  CN 
Dispcnsar 


TO  SPEED  UP 
PRODUCTION 


All-Electronic 
Sound  Reproducer 

For  some  time  I  have  been  toying 
with  an  idea  for  building  a  systeir. 
of  recording  and  playback  in  which 
there  are  no  moving  parts.  Today  I 
hit  on  a  plan  which  I  believe  has 
good  prospects,  although  it  is  not  en¬ 
tirely  practical  at  present. 

A  cathode-ray  tube,  phototube, 
lens  and  film  are  arranged  as  show: 
in  the  sketch,  so  that  a  spot  at  an; 
point  on  the  screen  of  the  cathode 
ray  tube  is  focused  on  the  phototube 
There  is  no  moving  time  base;  r. 
other  words,  the  film  which  contain- 
the  sound  track  of  a  musical  rone; 
tion  or  other  recorded  sounds  re¬ 
mains  stationary  for  the  duration  c' 
the  selection. 

The  sound  track  is  recorded  ;n; 
tially  on  the  film  in  a  zigzag  m  n  iei 
A  saw-tooth  oscillator  connected  t 


SOLDERING 

OPERATIONS 


Have  you  "time  studied"  soldering  operations  in  your 
plant  recently? 

Have  you  "motion  studied"  the  same  operations? 

Do  you  know  all  the  economies  in  time  and  motion 
which  Sta-Warm  methods  hold  for  you? 

You  will  find  Sta-Warm  dispensing  solderpots  provide 
solder  at  the  proper  temperature  in  measured  amounts 
of  a  drop  or  more  (or  a  small  stream)  at  a  time  and 
therefore  enable  you  to  speed  production  on  your  assem¬ 
bly  lines. 

Capacities  of  3^  or  78  lbs.  ...  in  uniformly  heated 
pots  .  .  .  with  thermostat  control  .  .  .  non-drip 
needle  valve  which  can  operate  as  fast  as  the  hand 
or  foot  can  control  it. 

Other  types  of  dip  soldering  pots  in  capacities 
from  1/2  lb.  up. 

Inquire  today,  stating  your  requirements. 


ELECTROMCS 
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•Dcdis  is  supplying  radio 
and  electronic  mcrteriols  to 
many  branches  of  the 
armed  forces,  war  plants, 
sub-controctors.  labora¬ 
tories.  training  schools,  etc. 

Ample  stocks  on  hand  pro¬ 
vide  prompt  shipment  on 
many  iten^  And  if  required 
items  are  not  in  stock.  Dalis 
go-gets  'em  for  you  in  short¬ 
est  possible  time. 

•Try  Dalis  —  write, 
wire  or  'phone  .  .  . 

H.  L.  DALIS,  Inc. 

Distributors  ol 

RADIO  «  ELECTRONIC  SUPPLIES 
17  Union  Squaro  •  Now  York,  N.  Y. 

Pbonos:  ALqonquin  4>«J  124-444-7 


D«pt  174  M 

Dt'-gners  and  Monu- 
facii  rers  of  Microphones 
ond  Acoustic  Devices 


have  you 
sent  for 
your  SHURE 
REACTANCE 
SLIDE  RULE? 

Thousands  of  engi-, 
peers  and  technicians 
find  the  Shore  Reac¬ 
tance  Slide  Rule  help¬ 
ful  in  radio  computa¬ 
tions.  Simplifies  prob¬ 
lems  in  resonant  fre¬ 
quencies,  circuits, 
inductances,  conden¬ 
sers.  Range  5  cycles 
per  sec  to  10,000 
megacycles.  Complete 
with  instructions. 
Send  lOc  in  coin  to 
cover  handling. 


SHURE  BROTHERS 
22S  W.  Huron  St..  Chicago 


the  horizontal  deflecting  plates 
sweeps  the  electron  beam  and  its  spot 
horizontally  back  and  forth  across 
the  screen  at  a  speed  comparable  to 
that  of  an  ordinary  phonograph 
record,  while  a  vertical  sweep  oscil¬ 
lator  having  an  extremely  low  fre¬ 
quency  (about  one  cycle  per  three 
minutes)  moves  the  spot  slowly 
downward.  The  combined  deflections 
would  make  the  spot  trace  exactly  the 
same  zigzag  pattern  as  the  sound 
track  on  the  film. 

The  light  reaching  the  phototube 
at  each  instant  would  then  be  pro¬ 
portional  to  the  density  of  the  sound 
track  area  opposite  the  moving  spot 
at  that  instant.  The  spot  on  the 
screen  would  of  course  be  focused 
sharply  enough  so  that  its  illumina¬ 
tion  affected  only  one  sound  track  at 
a  time. 

With  this  arrangement,  recordings 
could  be  individual  squares  of  film,  or 
a  continuous  length  of  film  which  is 
moved  downward  one  frame  at  the 
end  of  each  selection  by  an  electro¬ 
magnetic  device. 

Some  of  the  problems  I  foresee  are 
those  of  keeping  the  deflecting  sys¬ 
tem  in  exact  synchronism  with  the 
zigzag  film  track,  eliminating  inter- 


SENTINELS  OF  THE  SKIES 


\x\\t  / 

NEW6 

>1  \  \ 

Type  4R 


Typ*  *R 

iH*  X  IH» 
2H'  high 
•bov. 
•ock.t 


Relays 


Barrago  balloons  are  a  comporatiToly  new 
branch  oi  Uie  U.  S.  Army,  but  they  are 
already  protecting  many  Tital  American 
installations  against  hostile  aircraft.  These 
"rubber  cows"  carry  no  crew,  hare  no  fire 
power  nor  armor.  Enemy  pilots  avoid 
these  balloons  because  their  cables  cut 
through  the  wings  oi  a  plane  very  easily. 
The  Army's  barrage  balloon  training  cen¬ 
ter  is  situated  at  Camp  Tyson,  located  off 
the  regular  airlines  and  in  the  northwest¬ 
ern  wooded  section  oi  Tennessee.  The 
317th  Battalion  control  room,  which  directs 
54  balloon  sites  in  the  vicinity  oi  the  camp, 
is  shown  here.  From  this  point  telephoned 
directions  are  given  for  the  lowering  and 
raising  oi  the  balloons 


The  fact  that  the  relay  power  rating  cor¬ 
responds  with  the  rated  power  of  the  tube 
does  NOT  justify  the  assumption  that 
operation  will  be  satisfactory. 

■A’  Does  it  provide  positive  con¬ 
tact  at  all  timet  when  wanted? 

★  Does  it  withstand  vibration  at 
this  power? 

'A'  Does  it  have  requisite  speed? 

'A  At  used,  does  it  have  desirable 
life  expectancy? 

The  answer  to  these  and  many  other  similar 
questions  must  be  determined  before  the 
relay  can  be  called  suited  to  the  job. 

Consultation  of  our  Technical  Bulletin  2 
will  yield  a  good  understanding  of  the 
problems,  and  provide  methods  for  solving 
them  quantitatively,  by  means  of  Reley 
Cheracteristic  Curves.  Your  copy  it  ready 
to  mail.  Our  engineering  department  will 
be  glad  to  take  over 
where  the  bulletin  stops 
in  solving  your  design 
problem. 

lnslruinents,.isic. 

RELAYS' 

50  FREEPORT  ST.,  BOSTON  22,  MASS. 


THE  BIRTCHER  CORPORATION 


Manufacturers  AIRCRAFT,  RADIO 


and  RADIO  PARTS 


5087  HUNTINGTON  DR.  LOS  ANGELES  32 


Consensus  of 
Opinion 

Professional  men  are  opinion¬ 
ated  when  it  comes  to  the  tools 
they  use!  Overwhelmingly 
you’ll  find  they  demand  the 
advantages  found  only  in 
Typhonite  ELDORADO  draw¬ 
ing  pencils. 


Zigzag  sound 
frock  on  film 


To  scrn-footh 
horizontal  sim 
.oscillator 


For  the  Field  of  Electronics 


Cathode 
ray  tube 


Phototube 


To  vertical  sweep 
oscillator 


Aeronautical  designers,  ar¬ 
chitects,  artists  and  art  direc¬ 
tors,  civil,  electronic,  electrical 
and  mechanical  engineers, 
drafting  instructors  and  in¬ 
dustrial  designers— all  praise 
the  performance  of  Typhonite 
ELDORADO  pencils.  Cleaner, 
more  opaque,  easy-to-erase 
lineS}  smoother  Typhonite  con¬ 
trolled  leads  with  stronger 
points.  These  features  result 
in  sharper,  easy-to-read  blue¬ 
prints  of  Victory. 

Pencil  Sales  Dept.  59-J8 
Joseph  Dixon  Crucible  Co. 

Jersey  City,  N.  J. 


Propoaed  orrangemant  of  ports  for  on  all- 
electronic  sound  reproducer 


ruptions  of  sound  at  the  beginning 
and  end  of  each  line,  and  positioning 
the  film  accurately  with  respect  to 
the  spot. 

Any  comment  which  readers  of 
Electronics  care  to  make  on  this 
idea  will  be  appreciated. 

Frederick  M.  Parry, 

Radio  Station  KTKN 
Ketchikan,  Alaska 


MMtt  Arsiy  Air  Caret  SsMiSeatloni 
•4-32391. A 

and  othw  apallcsbia  tpaeiSeationi 
PROMPT  DELIVERYI 


TYPHONITE  f 

ELDORADO 


PORTRAITS  OF  WATER 
DROPS 


■  K  U  g  V  Manufacturers  of 
llfll*  W  k  I  Radio  Transmitters 

ELECTRONIC  APPARATUS 

447  Concord  Ave.  Cambridge,  Mass. 


STANLEY  D.  EILENBERSER 

Consulting  Engineer 
Complete  General  Electronics 

lAboratorr  Communications 

and  Shop  Electro  Bloloer 

Facilities  Patent  Development 

630»  27th  Ave.  Kenoeha.  Wl». 

Telephone  2-4213 


e  Our  .  past  tiuvclup- 
nients  and  presenl 
day  exiwricnee  with 
FM  .\ntennas  will 
provide  greater  effi- 
t'iency  in  design  and 
performance  to  meet 
the  exacting  stand¬ 
ards  of  tills  impor¬ 
tant  field. 

We’re  “all  out”  for 
Victory,  but  our  en¬ 
gineers  are  ready  to 
work  with  you  on’ 
post-war  plans. 

JOHN  L  LINGO  t  SON, 

CAMOCN.  NeWJENSEV 


JOSEPH  RAZEK,  Ph.D. 

Consulting  Physicist 
Electrical  and  liorhanlcal  Enilneerlng  Problemii 
Instruments  and  Control  Derloea  Elect romci 

Biieclallst  in  Colorimetry,  Spectophotometrv  and 
Industrial  Color  Control 
Laboratory  and  Shop  Facilitie.s 
202  Darby  Road  Llanerch,  Pa. 

Phone  Hilltop  6910 


Samuel  Gilman,  reaearch  engineer  at  the 
Westlnghouse  Research  Lobs,  is  shown 
with  the  camera  which  he  uses  to  take 
"portraits"  of  water  droplets  so  that  the 
tiny  particles  of  water  con  be  measured 
accurately.  A  high  intensity  flash,  pro- 
duced  through  use  of  electronic  circuits 
and  lasting  for  only  ten  ndllionths  of  a 
second,  shines  into  the  camera  through  a 
water  spray  and  the  droplets  ore  recorded 
on  the  photographic  plate  oi  white  dote 
without  distortion.  The  apparatus  may  be 
useful  in  analysing  fuel  spray,  os  in  auto¬ 
mobile  carburetors 


J.  L.  A.  McLaughlin 


Designer  of 

Communications  Receivers 
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-  (IN'RES'CO) 

INSTRUMENT 
RESISTORS  COMPANY 

25  AMITY  ST  ,  LITTLE  FALLS,  N.  J. 


Rola  Company,  Inc.,  The . 

Riutell,  Burdaall  *  Ward  Bell  l>  Nat  Co . 

Schott  Co,  Waller  . . 

ScotUI  Mi(.  Co . 

ScoriU  Mfg.  Co.,  WaterrilU  Screw  Prodocta 

Dir . 

Selonium  Corp,  of  American . . 

Shakaproof  Lock  Woiher  Co . 

Shollcroai  Mfg.  Co . ..,,, 

Shaldon  Sorrica  Corporation . 

Sbaro  Brother*  . 

Sigma  Inatrument*  Inc . 

Simpion  Electric  Co . *  •  • 

Slater  Electric  k  Mfg.  Co . 

Sola  Electric  Co . 

Southington  Hardware  Mfg.  Co . 

Speedway’  Mfg.  Co . 

Sperli,  Inc . . 

Spragoa  Speciallie*  Co . . 

Stackpole  Carbon  Co . . 

Slaedtier,  Inc.,  J.  . . 

Standard  Molding  Corp . 

Standard  Preaaed  Steel  Co . . 

Standard  Tranafomar  Carp . 

Star  Porcelain  Co . 

Sla>Warm  Electric  . . 

Steward  Mfg.  Campany,  D.  M . 

Stewart  Mfg.  Co . 

Stewart  Stamping  Co . 

Stkhl  Co.,  Inc.,  Herman  H . 

Stupakaff  Ceramic  k  Mfg.  Ca . 

Sun  Radio  Co . 

Snparior  Elactrie  Company . 

Superior  Tube  Co . 

Sylrania  Elactrie  Product*.  Inc . 


Intff"*' 


]icfc*eD  Electrical  inatrument 

j.B-T  ln*trum**il*,  Inc . 

Jrfanon  Electria  Company . 

jef*r«n-Tra»ia  Radio  Mfg.  Co, 

RaJi®  Mfg.  Co . 

J*ha»oB  Co,  B.  f . 

1^,  Howard  B . 


g,„  Eoglnoaring  Co . 

Kahl*  Engineering  Co . 

Kan-RaJ  Tube  k  Ump  Corp. 
Ktoyon  Tranaforaaer  Co.,  Im 

Kfnfel  *  Eaaor  Co . 

Knitbli  Company,  Jama*.... 

Kold  Hold  Mfg.  Co . 

Electric  Co . 


karffia® 


l,fiy«ll»  Radio  Corp . 

UnpkiB  Laboratorie*  . 

UB>aa  k  S***ion*  Co . 

Upp  lB*nlalor  Co . 

Inland  Electric  Company .... 

Uwyl  Corporation  . 

linde  Air  Product*  Company 

Liag*  k  Son,  John  E . 

Iwtr  Imnlator  Corp . 

lard  Maaufaclnring  Ca . 

Mifhlrlt  Laboratorie*.  Inc... 

M*|aa  Mfg.  Co..  Inc . 

M*U*ry  k  Co.,  Inc.,  P.  R... 

M*nre**  t  Son*,  F.  N . 

McCraw.Hill  Book  Co.,  Inc.. 
yr*.wcmcn|t  Corporation.... 

Mrtk  Indnrtrie*.  John . 

Mntiaer  Mfg.  Co . 

Micamold  Company . 

NiUen  Mfg.  Co.,  Inc.,  Jame*. 

Miller  Company,  J.  W . 

MHrlirll-Rand  Inaulation  Co.. 
Mobil*  Rafrigeration,  Inc.... 

Mesareh  Mfg.  Co . 

Mordock  Co.,  Wm.  J . 


★  Produefion  m*n  will  f*l| 
you  that  that*  compact  units 
meat  the  currant  widaipraad 
demand  for  greater  adapta* 
bility  without  sacrificing  elec* 
trical  characteristics.  Pro* 
duced  by  specialists  in  the 
wire  wound  resistor  field, 
IN-RES*CO  products  include 
fixed  and  variable  resistors, 
meter  shunts,  choke  coils, 
solenoids,  etc. 

If  a  special  resistor  is  re¬ 
quired  to  meet  a  critical  ap* 
plication,  IN-RES*CO  engi* 
nears  will  collaborate  in 
solving  the  problem.  Write 
today  for  illustrated  litera* 
ture. 

TYPE  WL,  I  watt,  standard  toler¬ 
ance  1%,  maximum  resistance: 
50,000  ohms,  sise  3/14“  x  1“ 
long.  Mounting  by  terminals, 
strap  type,  .015“  thick  by  1/14*' 
wide  tinned  copper.  Special  ter¬ 
minals  can  be  supplied  at  any 
angle  desired. 


Taylor  Fibre  Co . 

Taylor  Tube*.  Inc .  . 

Terminal  Radio  Corporation . 

Tbormador  Electrical  Mfg.  Co . 

Thoma*  k  Belt*  Co . 

Thoma*  k  Skiuner  Steel  Product*  Co . 

Tberdar*on  Elactrie  Mfg.  Co . 

Tinnerman  Product*.  Inc . 

Tran*mitler  Equipment  Mfg.  Co.,  Inc . 

Trar-Ler  Karanola  Radio  k  Tclericion  Corp. 
Triploit  Electrical  Initrnineni  Co............ 

Tung-Sol  Lamp  Work*.  Inc . 


Ni’isnal  Company,  Inc . 

Niii*B*l  Screw  k  Mfg.  Co . 

National  Union  Radio  Corp . 

Nf»  England  Screw  Co . 

New  York  Tranaformer  Co . 

North  American  Philip*  Company,  Inc. 
N  .fihcrn  Eagincering  Laboratorie*.... 
Nuatbcrall  Stamp  4  Tool  Co . 


Ucinite  Co.,  The . 

Union  Carbide  k  Carbon  Corp. 

United  Screw  k  Bolt  Co . 

United  Tranaformer  Co . . 

Universal  Clay  ProdiKt*  Co.... 

Univrraily  Laboratorie*  . 

Utah  Radio  Prodiwt*  Company. 

Vaipcy  Cryatal*,  The . . 


Walker.Jimieaon.  Inc . 

Walker-Tumer  C.O.,  Ine . 

Wallace  Mfg.  Co.,  Wm.  T.... 

We*tem  nectrie.C® . 

Wr*linghoa*e  Elec,  k  Mfg.  Co. 
While  Dental  Mfg.  Co.,  S.  S. 

Whitney  Screw  Corp . 

Wileox  Electric  Co . 

Wilaon  Co.,  H.  A . 

Winalow  Company . 


r.lout  Company . 

P.rtrr  Co.,  Charle* . 

i'arUr.K^loo  Coip . 

'-*t  Screw  Co . 

i'aerleu  Electrical  Product*  I 

Pertin-EImer  Corp . 

rffraii  Product*  Corp . 

reririiifliiv  Corporation . 

IVoll  Mfg.  Co . 

Phillip.  Screw  Manufacturer* 
Pionrrr  Geo-E-Motor  Corp.. 

Poii-r  i  Brumfield . 

Pr«i-ii.M  Fabricator*.  Inc.. 

Prr.  .  .1.  Tub*  Co . 

Ptf*.  Virele**,  Inc . 


PROFESSIONAL  SERVICES 


.ell  Corporation . . 

lio  City  Product*  C*^  loc . 

■  I"  Corp.  of  America . 

I  "  Corp.,  The . 

ibe  Mfg.  Co .  ... 

\  Commercial  Engineering  Section 

\  Mig.  Co.,  Inc . . 

\  kirtor  Division . 


SEARCHLIGHT  SECTION 

(Claisifled  Adverfiiing) 

EMPLOYMENT  . 

WANTED  TO  PURCHASE . 

REBUILDING 

Ernnland  ft  Olschnnr . 

USED  EQUIPMENT  FOR  SALE 

American  Elactrie  Salas  Co.,  Inc . 

Collusuada  Products  Inc. . 

Haarst  Radio  Inc . 

Wicks  Organ  Co . 


Rbeo*t*l  Co.... 
'  ■  Oi  Product* 

ti  I'.rothor* . 

Kadio  Tube*, 
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SELECTIVE 

SERVICE 


**RELA YED  -  FLEX’* 

lUicrodjne 

Simmdmrd  hg  Which  Other* 
Arc  Jmd^cd  mmd  Vmimed** 

Equipment  for  the  war  effort,— 

(1.)  MUST  perform  np  to  highest 
standards. 

(2.)  MUST  continne  to  perform  ir¬ 
respective  of  climatic  variations. 

That  is  whx  AUDAX  magnetically 
powered  pickups  are  selected  for  war 
contracts.  In  building  pickups  under 
such  contracts,  we  do  not  have  to 
change  our  peacetime  specifications  be¬ 
cause  such  MUSTS  have  olssors  been 
a  basic  requirement  in  AUDAX  Instru¬ 
ments. 

The  sharp  clean-cut  facsimile  repro¬ 
duction  of  MICRODYNE  —  regardless 
of  climatic  conditions — is  a  marvel  to 
all  who  have  put  it  to  the  only  test  that 
really  counts  .  .  .  the  EAR  TEST. 


WITH  OUR  COMPLIMENTS 

A  copy  of  “PICKUP  FACTS”  is  yours 
for  the  asking.  It  answers  many  ques¬ 
tions  concerning  record  reproduction. 


BUY  WAR  BONDS 


AEDAK  COHIPAXY 

500  Fifth  Ave.  New  York  City 

"Cr€ator$  of  High  Grade  Electrical 
and  Acoustical  Apparatus  since  1915." 


Postwar  Radio 


“Crosstalk”  for  June  observes  that 
“Once  the  war  ends  and  set  manufac¬ 
turers  tool  up  for  mass  production  of 
the  pre-war  variety  of  receivers,  it 
will  be  too  late.” 

How  right  you  are ! 

If  my  1942  Phono-combination  and 
’42  Auto  Radio  (and  even  my  ’42 
automobile  too,  for  that  matter)  are 
fair  samples  for  spot  checks,  why 
resurrect  such  things 

Manufacturers  who  insist  on  pros¬ 
titution  of  their  art  by  post-war  pro¬ 
duction  of  ’42  models  had  better 
count  on  herding  their  most  ingeni¬ 
ous  talent  into  the  sales  department. 
It  will  come  in  handy  there  to  ‘in¬ 
vent’  outstanding  features  which 
have  been  military  secrets  these  long 
years. 

Convention  cry  of  the  future  may 
well  be: 

“Time  Marches  Backwards!” 

Richard  S.  Levy 


Signal  Corps 
"  sfft  ■ 


Buffalo,  N.  y. 


TEST  INSULATION  .... 

the  modern,  easy  way  with  c 


MODEL  B-S 


MEGOHMER 


No  more  tiresome  cranking  of  a  Son 
driven  generator.  .  Our  new  bolter 

vibrator  type  insulation  testers  operate 
a  steady  test  potential  of 


500  VOLTS  DC 


available  at  the  touch  of  a  switch,  port 
ble,  entirely  self-contained,  direct-reodin 
Write  for  hjllelin  No.  4C0 


HERMAN  H.  STICHT  CO.,  IN 

77  PARK  PLACE  NEW  YORK,  N 


Engineurg  at  Wvstlnghouga  have  found 
that  a  itoel  boll  hali-flUod  with  motalUc  i 
powder  will  not  bounce,  os  this  time  ex-  | 
posure  photograph  illustrates.  Two  bolls  | 
of  the  same  weight,  one  empty  and  one 
containing  powder,  were  dropped  simul¬ 
taneously  from  the  top  of  the  posts,  left. 
The  empty  ball  left  a  looping  trail  of 
light  as  it  bounced  four  times  on  the  steel 
plate.  The  ball  containing  the  powder 
rolled  without  bouncing,  as  shown  by  the 
straight  streak  of  light  on  the  plate.  Rough 
surfoces  of  the  metal  powder  particles 
created  frictional  heat,  os  they  slid  over 
each  other,  dissipating  the  energy  the  ball 
would  have  used  in  bouncing.  This  dis¬ 
covery  has  been  used  to  prevent  poor 
connections  by  eliminating  bouncing  and 
chattering  in  electrical  relays  and  swiftly 
acting  switching  devices  used  in  com¬ 
munications  systems.  The  reloy  contocts 
are  made  hollow  and  partly  filled  with 
powder  or  hollow  powder  containers  ore 

attached  to  the  contacts  I 


FOR  POST-WAd 
SALES 


It  took  W.P.B.  roguUtions  and  re'triction 
to  rtimulata  the  invantiva  ganiui  of  nvts; 
design  enginaars.  Many  "datad"  product 
have  baan  modarnixad,  by  using  porcsisn 
In  place  of  critical  metals  and  priorit 
plastics.  Call  In  a  Universal  porctlsli 
engineer  to  help  you  redesign  your  prod 
uct  to  modern  standards.  Gain  the  ad^t» 
tages  of  high  dielectric  strenoth,  non  ca’ 
bonixing,  acid,  corrosion  and  thermal  ihoc' 
resistance,  new  -uty  and  color.  Urivr^ 
C.Q.  is  the  „i,. .  jflc,  controlled  quail* 
manufacturing  method  and  skill  of  proditc 
Ing  dry  process  porcelain.  Whats  you 
conversion  problem? 

THE  UNIVERSAl 

CLAY  PRODUCTS  CO. 

1535  EAST  FIRST  ST.  SANDUSKY.  OHIC 


BOUNCELESS  BALL 
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